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FOREWORD 

When I was working in Pakistan Petroleum Limited (PPL) during (1977-1983), we 
discovered three stratigraphically different oil reservoirs in well no.5 at the Adhi Oil 
Field. These Oil reservoirs were discovered in the Bhadrar Formation / Sakesar 
Limestones of the Eocene age, the conglomerates and the sandstones of the Tobra 
Formation (previously known as the Talchir Boulder Bed) of the Permian age and the 
dark brown to light brown sandstones in the Khewra Formation of the Infra-Cambrian to 
Cambrian age. 

The Eocene oil reservoir was already known to the oil Geologists as it was 
producing oil in other Oil Fields located in the Potowar Plateau, Punjab, Pakistan. But 
the oil reservoirs in the Permian and the Cambrian rocks were discovered for the first 
time in the oil exploration history of Pakistan at the Adhi Oil Field. The discovery of the 
two new oil horizons in the older stratigraphic units in Pakistan was not only a good news 
to the respective oil companies but it opened several new exploration avenues for the 
discovery of the new oil and gas deposits in Pakistan. 

Therefore it was the need of the time to understand the depositional environments 
of the newly discovered stratigraphically older oil bearing reservoir rocks to predict the 
decreasing grain sizes of the sediments transported from the source to the depositional 
Basin. 

The present studies were conducted by the Author in the laboratories of the 
Pakistan Museum of Natural History (PMNH), Pakistan Science Foundation (PSF), to 
understand the Palaeo — Depositional Sedimentary processes, diagenetic changes and the 
extent of the depositional Basin of the oil bearing Khewra Formation. The Khewra 
Formation is exposed in the Salt Range and Most likely in the surrounding areas of 
Abbotabad. 

This book would provide guidance to the professionals, oil explorers and should 
serve as an excellent resource in the prediction of the Palaeo — Depositional environments 
or discovering more oil / gas fields in Pakistan, The references in this book are the 
bibliographic references to cover most of the literature about the infra-Cambrian — 


Cambrian rocks, exposed in Salt Range and drilled in the subsurface. 


PREFACE 

This book provides an excellent example of the geological field observations supported 
by the laboratory investigations. The lithology, types of bedding, the colour of the beds 
observed in the field, thickness of the beds and the units, measured in the field can be 
used to estimate the oil reserves in a Unit or in a Formation. The laboratory 
investigations, using sieves for the grain size analyses and the petrographic studies in thin 
sections under microscope further support the field observations and help in the 
interpretation of the particle shape, diagenetic changes and types of porosity. The X-ray 
diffraction studies help in recognizing the fine grained clay minerals and oxides of iron, 
generally found as cementing materials in most of these sandstones and siltstones. 

The information about the cementing materials is highly useful in conducting the 
acid jobs in a defined reservoir rock drilled in an oil well. The types of the clays and clay 
minerals also help to predict the shallowing or deepening of a depositional Basin. 

This book is based on the Final Technical Report No-C-PMNH EARTH (30) on 
Mineralogy and geochemistry of the Cambrian Formations in Salt Range, Volume-1 
(Khewra Sandstone) Submitted by Dr. Syed Rafiqul Hassan Baqri, Princial Investigator / 
Director Earth Sciences Division, PMNH, to Pakistan Science Foundation (PSF). This 
book was ready for Publication in 2001, but I could not publish the book due to 
unavoidable circumstances. I decided to publish this book now, as it is the need of the 
time due to highly increasing Oil prices. 

I am highly thankful to Professor Dr. M.D. Shami, Ex- Chairman (PSF) for 
providing the research grant to conduct these studies. I must pay my thanks to Professor 
Dr. Khalid Mahmood Khan for his encouragement and help during these researches. I am 
also grateful to Dr. B.A sheikh, Ex-Chairman (PSF) for his moral support, 
encouragement and help during these investigations. I am really thankful to Dr. Shehzad. 
A, Mufti, Ex. Director General, PMNH, for providing material support and transportation 
and help during these investigations. I am highly grateful to Professor Dr. Mir Latif, 
Department of Geology, university of Punjab for the critical evaluation of these 
investigations and appreciation of this work. I cannot forget to thank Dr. Farid A.Malik 
Ex. Chairman, PSF, who encouraged to publish this research work as a book for the 


benefit of the other professionals, Researchers, Teachers and students. 


I can’t forget to pay my thanks and regards to professor Dr. M. Akram Sheikh, 
Director General, PASTIC and Member Science, PSF for his guidance, encouragement 
and intellectual discussions for improving the manuscript of this book. I am also grateful 
to Dr- Baig Chairman, PSF for interest and appreciation in the publication of this book . 

I am also thankful to Mr. Qasim Baloch and Mr. Ghulam Mustafa to help and 
assist me partially during these investigations. I also pay my thanks to all the respective 
staff members of the Earth Science Division (E.S.D), Pakistan Museum of Natural 
History (PMNH), for their Help during these studies. I can’t forget to thank Syed Jafar 
Hussain Naqvi who typed the manuscript of this book and maintained systematically all 
the records of these researches. I am also thankful to Mr. Shabbir Hussain Shah, 
Muhammad Ashraf & Muhammad Salim Assistant Printing officers and all the staff 
members of the PASTIC Press for printing and publishing this book. I must also pay my 
thanks and regards to Muhammad Arif Khan Niazi, for improving the title and cover 
page of the Book. I Should also pay my thanks to Mr. Saifullah Azim for his services in 


presenting most of the diagrams presented in this book. 


Remarks and_ references’ by 


Geologists and Scientists. 


iL. Prof. Dr. M. Qasim Jan 


2 Prof. Dr. Shahid Mahmood Baig 


3. Dr. Rudolf Dellmour 


4. Mr. Javaid Mehboob Khan 


some distinguished 


Prof. Dr. M. Qasim Jan 

(PhD, DSc, HI; Fellow TWAS, PAS, IAS) 
Distinguished National Professor (Emeritus) 
National Centre of Excellence in Geology 
University of Peshawar 

Peshawar 25130, Pakistan 


The detailed sedimentological studies conducted by Dr. Baqri on the depositional 
environments of the Khewra Sandstone in the Salt Range of Pakistan is a useful 
contribution to our knowledge about this classical and world famous stratigraphic section. 
The Khewra Sandstone was deposited in deltaic environments by a long and mighty 
Cambrian river flowing from Southeast to Northwest. Dr. Baqri has correlated some red 
silty sandstones, exposed at Neelay Pair, near Abbotabad, with the Khewra Sandstone. 
Thus, the geometry and shape of the depositional basin of the Khewra Sandstone is very 
interesting as the author points out the continuation of the Khewra Sandstone towards 
Abbotabad. The surrounding areas of Abbotabad are highly folded and faulted. The 
Paleocene and Cretaceous rocks are also exposed at Thandiani Hills and may be easily 
correlated with the equivalent sedimentary rocks exposed in Surghar Range. I suggest 
further sedimentological investigations should be carried out to correlate the sandstones 
exposed near Shimla Pahari, Abbotabad, known as the Galdanian Formation, and in other 
areas surrounding Abbotabad. Future researchers may also conduct similar studies on the 
palaeo- depositional environments of the Tobra Formation and Warcha Formation of the 
Permian age, and Datta Formation of Jurassic age to understand and predict the geometry 
and extent of the depositional basins. Datta Formation is already producing oil in Western 
Potwar and deserves more investigations. The Khewra Sandstone is a highly prospective 
oil reservoir and its continuity in the surrounding areas of the Salt Range and Potwar will 
open new avenues to discover more oil and gas prospects in Pakistan. 

I congratulate Dr. Baqri for carrying out this detailed study. It will be useful not only for 


a better oil prospective future of Pakistan, but also for students and researchers. 


Prof. Dr. M. Qasim Jan 


Chairman PSF 


I congratulate Dr. Bagri for publishing a highly useful technical book. The Lithology, 
sedimentology, petrology and Palaeo- Environments of an oil reservoir, Cambrian The 
Book is based on a research project awarded to Dr. Baqri by Pakistan Science Foundation 
and explain the depositional environments of the Khewra Formation in details. The 
Khewra Formation is producing oil in the Eastern Poltwar and therefore has gained 
importance due to ites contribution in strengthening the economy of our country. The 
Khewra Formation, Stratigraphically, the lowest lying Cambrian Formation, consists of 
sandstones, siltstones and silty clays. The Palaeo-Depositional — Environments, reflect 
the sedimentary process, facies changes and thinning or thickening of a formation in a 
particular direction and help in locating the suitable sites for drilling the wells to discover 
the oil / gas fields. The present book will help in discovering more oil / gas fields in 
Pakistan and will also provide guide lines to the young researchers, conducting similar 
studies. 

I shall encourage, Dr. Baqri to write another book for the other stratigraphically upper 
lying Cambrian formations (Kussak Formation Jutana Dolomite and the Baghanwala 
Formation), deposited during Cambrian times to help the oil professionals to discover 
more Oil and Gas fields in Pakistan I appreciate his hard work, devotions and geological 
contribution for understanding the stratigraphy of the Cambrian rocks in details, found on 


the surface and in the subsurface in Pakistan. 


Prof. Dr. Shahid Mahmood Baig, S.J 


Dr. S. H. H Bari, 
Ex-Member Science 
Pakistan Science foundation 
Islamabad 


OMV (PAKISTAN) 


D.G Pakistan Museum of National History Islamabad 
Dr. S.R.H Bagqri 
Islamabad, Pakistan 


Subject: MESD Pak, Mus. Nat. Hist. Vol.1, 2001 


Dear Dr. Bagri, 


Thank you very much for providing a copy of your study : S.R.H Baqri & M.H. Baloch 
(2001) : THE LITHOLOGY, SEDIMENTOLOGY, PETROLOGY AND PALAEO- 
ENVIRONEMENTS OF AN OIL RESERVOIR CAMBRIAN SANDSTONE, 
EXPOSED N SALT RANGE, Memoirs of the Earth Sciences Division ; issued by the 
Director General Pakistan Museum of Natural History, Islamabad, Pakistan Science 
Foundation. 


I reviewed the study and found it technically very detailed and extensive. Chasing 
successfully a play deserves detailed information, that means hard data on a broad variety 
such as source rock, reservoir properties , trap configuration, timing of structural fill etc. 
The Khewra sandstone is a prospective reservoir for oil in the Kohat & Potwar area of the 
Upper Indus Basin (Adhi Field) which is the second most important oil province besides 
the Badin. 

Successful HC Exploration depends on detailed studies with regional importance. The 
just recently compiled study of Dr.Baqri Offers both great detail and regional application. 
The presented study is dealing with the up to now only poorly understood complex 
stratigraphy and facies distribution of this remarkable Cambrian Sandstone. The study 
concludes in a well documented paleoenvireonment model giving answers on a regional 
scale which provides a first hand exploration tool for this reservoir with in the Potwar / 
Kohat Platwau stretching from the Salt range to the Himalayan foothillis. It covers all 
facies aspects from lower shore face to deltaic sands with occasional fluviatil feeder 
channels. 

It is highly recommended to make this study available for a broader public. 


Dr. Rudolf Dellmour 
Chief Geologist 


JAVAID MEHBOOB KHAN, 
General Manager, Exploration (Ex) Pakistan Petroleum Limited (PPL) PIDC House 


Karachi, Pakistan 


Geology is a fascinating subject which provides the knowledge, about the natural 
resources of any country. The geological researches are not easy and require tough, 
intellectual and adventurous persons to conduct these studies. But, it is not a very difficult 
subject and needs a moderate amount of time for field investigations, and respective 
laboratory facilities and instruments to recognize the minerals and to understand the 


diagenetic and sedimentary processes, to predict the natural resources of a country. 


The Palaeo-environmental studies in the Argillaceous and Arenaceous Sedimentary 
Rocks require vast knowledge of Mineralogy, Chemistry, Physics, Palaeontology and 
Geography. Young Researchers and professionals newly entered in the profession of 
Geology may be confused by rugged and difficult exposures of the sedimentary rocks, 
hostile field environments and tedious laboratory researches. Dr. Baqri has provided a 
systematic guidance during the research investigations in the Oil & Gas exploration and 
studies of the sedimentary rocks in details. He carried out field descriptions of different 
lithological units, stratigraphic records of the samples collected for laboratory analyses 
and the interpretation of the petrographic and sedimentological data. He also conducted 
x-ray diffraction studies of the nano-clay minerals to discover the cementing materials. 
The cementing materials are very important to understand the type of porosity and the 
trends of porosity. I believe that the systematic efforts to conducts these studies are 


thoughts provoking and highly rewarding. 


I congratulate Dr. Baqri for his excellent contribution in discovering a mighty Cambrian 
delta, during Cambrian times in Pakistan. The deltaic environments are very important to 


host the huge oil and gas reserves in the respective Lithological Units. 


JAVAID MEHBOOB KHAN, 
Ex, General Manager, 


Pakistan Petroleum Limited (PPL). 


General Introduction of the Oil Reservoirs of Pakistan with Special 


Reference to the Khewra Sandstone of the Cambrian age. 


The Eocene and Jurassic oil reservoirs were already known and discovered by the oil 
professionals and explorers in Pakistan and other parts of the World. But comparatively, 
the older Permian and the Cambrian oil reservoirs were not discovered in Pakistan. The 
Permian oil reservoir (Tobra Formation) and Cambrian oil reservoir (Khewra Sandstone) 
were discovered for the first time during the drilling of the Adhi oil well No. 5 in the 
Eastern Potwar. The discovery of the two new oil horizons in the older stratigraphic units 
in Pakistan was not only a good news to the oil companies but it also opened new 
research avenues for the exploration of the oil and gas deposits in Pakistan. It was also 
important to understand the depositional environments of the two newly discovered, 
comparatively older oil reservoirs to understand the geographical extent and distribution 
of these reservoirs. The present research studies were conducted to find out the detailed 
depositional environments of the Khewra Sandstone deposited mainly during Cambrian 
times, to know the sedimentary processess and the shape of the depositional basin. 
Detailed field and laboratory investigations were conducted to find out the sedimentary 
and diagenetic processes occurred during the sedimentation cycle of the Khewra 
Formation. These investigations revealed that the Khewra Sandstone was deposited 
mainly as a deltaic silty sandstone with occasional deltaic lagoons and depositional 


channels. 


li. THE INFRA-CAMBRIAN/CAMBRIAN ROCKS OF SALT RANGE 
14.1 INTRODUCTION: 


The Cambrian and Infra-Cambrian rocks exposed in Salt Range have been studied 
by several workers to understand their depositional environments and mineral resources. 
The Stratigraphic Committee of Pakistan has assigned the name JEHLUM GROUP to the 
Cambrian rocks exposed in Salt Range. Fatmi (1973) stated that the Jehlum Group rocks 
can be studied at the Khewra Gorge (Lat.32 40 N; Long.73.00 E), Eastern Salt Range and 
Khan Zaman Nala (Lat 32 32 N;long 71 48 E), these locations may be called as type 
locations (Fig. 1.1.1). Fatmi (1973) reported that the Jehlum Group conformably overlies 
the Salt Range Formation of Cambrian to Pre-Cambrian age and is unconformably 
overlain by the Tobra Formation of Permain age. According to Fatmi (1973) the 
thickness of Jehlum Group is 1077 ft. (328m) at Khewra Gorge and 1530 ft (466m) in the 
subsurface at the Karampur well and may be placed in Early Cambrian to Middle 
Cambrian age. 


Shah (1977) stated that the Cambrian rocks were deposited in shallow water 
conditions, except for the lowermost and uppermost formation which represent 
transgressive and regressive facies, respectively. Shah (1977) did not give the details 
about the palaeo-environments responsible for the deposition of the Cambrian rocks. A 
brief review of the previous investigations about the geological and palaeonotological 
investigations of the Cambrian rocks is as follows:- 


Anderson (1927, 1947) gave the details about the orogenic events and geology in 
the northern Punjab. Bhardwaj (1951), Ghosh and Bose (1947, 1950) and Ghosh et.al. 
(1948, 1950, 1951) studied the microflora and geology of the Salt Range Cambrians and 
discussed the details about the age of the saline series. Lakhanpal (1950) investigated the 
micro-fossils of the Cambrian rocks to understand the age of these rocks. Krishan (1963) 
discussed the geology of the salt deposits of the Salt Range and explained the details of 
the depositional processes.Mosebach (1956) investigated the Khewra trap in the Khewra 
Gorge and discussed the nature of minerals and rocks types. They also discussed the 
mode of the origin of these basalts. Noetling (1894) described the Cambrian formations 
in the Eastern Salt Range. Pascoe (1959) gave the details about the geological exposures 
in Salt Range and briefly described the Cambrian rocks. Sahni (1945, 1947) discussed the 
micro fossils and problems of the Salt Range geology. Schindewolf (1955a, 1955b) 
reported the brachiopod and trilobite fossils from the Cambrian rocks. Schindewolf and 
Seilacher (1955) studied the fossils of the Cambrian rocks and pointed out the 
depositional environmetnts. Walcoot (1912) investigated the presence of brachiopoda in 
the Cambrian rocks and reported the presence of these fossils. Warth (1891) analysed one 
sample of the Cambrian dolomite and reported its chemical analysis. Wynne (1878) gave 
the description of the Cambrian rocks in the Salt Range and discussed the geology of the 
area. Wadia (1957) provided the details about the stratigraphy of the Cambrian rocks 
exposed in Salt Range. 


Detailed Geological field works were conducted to investigate the field details of the Khewra 
Formation and to collect the samples representing complete stratigraphic thicknesses from the 
Eastern Salt Range, Central Salt Range and the Western Salt Range. The details about the field 
geology, sedimentology, petrography and chemistry to the sandstone are provided in these 
investigations. The general index provides the symbols and terms used in this book. (Fig 1.i.1c). 
Figure 1.1.1 B provides the location and geological map of the area, which figure 1.1.1 A gives the 
correlation of the three units of the Khewra Sandstone exposed in Salt Range. 


Structurally, the Salt Range and the Trans-Indus Salt Range are the surface expressions of 
the edge of a decollement thrust, that occurs in the evaporites of the Salt Range Formation 
without the involvement of the crystalline basement. The Salt Range Formation is cut by the 
South verging imbricate thrust faults and the lowest thrust faults bring the older sequence over the 
younger Quaternary fanglomerates and the alluvium of the Jehlum River. The longitudinal faults 
are E-W in direction and are cut by a series of transverse faults, forming blocks in the Salt Range 
Formation in the form of horsts and grarbens. The valleys and gorges observed in the Salt Range 
area mostly occur in horsts, where complete stratigraphic sequence may be studied from the Pre- 
Cambrian to the Pleistocene as a results of reverse/inverted topography. The removal of the 
overburden from the Salt Range Formation with thick evaporites causes decrease of overburden 
pressure and stimulates the upward flow of the salt in the shape of the salt domes/diapirs. The 
movement of the salt also creates local anticlines and synclines. Some of the synclines may be 
observed near Choa Saidan Shah and Nilawahan due to the collapse of the salt. The salt diapirs 
may be observed at the Khewra, Katha area, Warcha Gorge and the Kalabagh area. 


Stratigraphically, the Cambrian formations and the Pre-Cambrian Salt Range Formation 
are overlain by a Permian conglomerate (Tobra Formation) with a regional angular unconformity 
which cuts deeper towards west and directly overlies the Salt Range Formation. The contacts 
between the Khewra Sandstone and the under lying Salt Range Formation are mostly disturbed in 
the Salt Range area with the exception of some sections where conformable relations may be 
observed. 


The geological investigations about the Cambrian Infra-Cambrian rocks were conducted 
mostly for the palaentological and field descriptions of these rocks, but the sedimentological 
mineralogical and detailed geochemical investigations were not conducted by previous workers to 
understand the detailed palaeo-environments and economical potential of these lithological units. 
The present investigations were conducted to understand the detailed sedimentological processes 
during the deposition of the lowermost formation called the Khewra Sandstone to understand the 
depositional environments at the beginning of the deposition of the Cambrian/ Infra-Cambrian 
rocks. The petrography, geochemistry and mineralogy of the Khewra Sandstone, was investigated 
to understand the palaeo-environments and economic importance of these rocks and to predict the 
economical exploitation in the surface exposures and subsurface continuations. The Jehlum 
Group, representing the Cambrian rocks has been divided into four formations by the 
stratigraphic Committee of Pakistan. These formations have been named as below:- 


1. Khewra Sandstone 

2. Kusak Formation 

3. Jutana Dolomite 

4. Baghanwala Formation 


Detailed geological field works were conducted to investigate the field details of each formation 
and to collect the samples representing complete stratigraphic thickness from the Eastern salt 
range, central Salt Range and the Western Salt Range, The details about the field geology, 
sedimentology, petrography and chemistry for each Cambrian Formation stated above are 
provided in these investigations. The general index provides the symbols, terms used in the 
report (Fig. L.i.1c). 
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112 GENERAL GEOLOGY OF THE KHEWRA SANDSTONE 
113 INTRODUCTION AND PREVIOUS WORK 


The Khewra Sandstone was originally proposed as Khewra Group by Noetling (1894). 
The Stratigraphic Committee of Pakistan named the formation as the Khewra Sandstone. Fatmi 
(1973) stated that the Khewra Sandstone can be studied in field as a type locality at the Khewra 
Gorge. The Khewra Sandstone displays beautiful exposures in the Eastern and Central Salt 
Range. The exposures of the Khewra Sandstone in Eastern Salt Range can be studied at the 
Ludwah hills near Jalalpur and at Khewra Gorge in the north of the Khwera Village. The Khewra 
Sandstone in the Central Salt Range can be studied at the Nilawahan Gorge and the Kalarwahan 
area near Katha. The exposures of the Khwera Sandstone in the Western Salt Range are not 
common as the Tobra unconformity has eroded most of the Cambrian units, but it can be studied 
at the Khan Zaman Nala. The outcrops of the Khewra Sandstone for the present studies were 
investigated at the Ludwah village, Khewra Goge, Kalarawahan and the Khan Zaman Nala 
(fig.1.1). The details of samples and lithology are given in respective sections. 


The Khewra Sandstone has been studied by several workers, but most of them have given 
generalized description of the Khewra Sandstone. Wynne (1878) studied the Khewra Sandstone 
and named it as the Purple Sandstone due to its dominant purple colour. Waagen (1895) 
investigated the Khewra Sandstone in detail and divided it into 4 units. He included some of the 
lower lying gypsum, salt and siltstone/shale beds as the lower unit of the Khewra 
Sandstone.Noetling (1894) placed the lower boundary of the Khewra Sandstone into 2 units. 
Krishan (1960) also divided the Khewra Sandstone into 2 units, the lower shaly-flaggy unit and 
the upper sandy unit. Gee (1935) studied the Cambrian formations in Salt Range in detail and 
prepared the geological map of the Salt Range areas. He pointed out that the contact between the 
Khewra Sandstone and the Salt Range formation is sedimentary. Schindewolf (1955) conducted 
the geological filed studies in Salt Range and stated that the contact between the Salt Range 
Formation and the Khewra Sandstone is conformable and the disturbance at the junction is of a 
minor nature. Seilacher (1955) stated that the Khewra Sandstone was deposited pre-dominantly in 
a continental environment. Teichert (1964) divided the Khewra Sandstone into two units, the 
lower shaly unit and the upper sandy unit.Asrarullah (1967) investigated the contact between the 
Khewra Sandstone and the underlying Salt Range Formation and claimed that the junction beteen 
the Salt Range Formation and Khewra Sandstone is conformable. Fatmi (1973) pointed out that 
the Khewra Sandstone may be divided into two units, the lower shaly unit and the upper sandy 
unit. Shah (1977) described the Khewra Sandstone as purple to brown, fine grained sandstone 
with a lower shaly part and the upper sandy part. But he cautiously did not mention about the 
depositional environment of the Khewra Sandstone. Gee (1980) revised the geological map of the 
Salt Range areas and showed the distribution of the Cambrian formations. Faruqui (1983) carried 
out detailed investigations about the field characters of the junction between the Salt Range 
Formation and the Khewra Sandstone and concluded that the junction is disturbed. He also stated 
that the Salt tectonics in the area play an important role and formation of domes is an active 
process in Salt Range area. Abid (1984) divided the Khewra Sandstone into 3 units and reported 
the commercial discovery of oil at the Adhi oil field. Baqri (1984) investigated field relations of 
the Khewra Sandstone with the Cambrian Sandstone exposed at Abbottabad and concluded that 
the red sandstone beds exposed near Abbottabad can be correlated with the Khewra Sandstone 
and recommended that the Sandstone should be investigated for sedimentology in detail to 
understand its depositional environments. 


114 GENERALFIELD DESCRIPTIONS: 


The Khewra Sandstone consists of purple to reddish brown sandstone, siltstones 
and shales with minor marly shales to argillaceous limestones of lenticular nature. The 
colour of the sandstone gradually changes from dark purple red at the base to light 
yellowish brown towards the top. The grain size also changes from fine grained silty 
shales at the base to medium and coase grained sandstones towards the top. The 
sandstones and siltstones display cross beddings, occasional ripple marks, load castings, 
flow rolls, distorted bedding, salt pseudomorph structures, flaser bedding, chemical 
weathering, the carbonates nodules and lenticular carbonate beds. The bedding surfaces 
often display white micaceous particles, oriented parallel to the bedding. The Khewra 
Sandstone is thinly bedded at its base and gradually becomes thick to massive bedded 
towards its top. The porosity of the sandstone increases towards the top of the formation. 
The thickness of the Khewra Sandstone varies from 137m to 160m and has been reported 
from the Adhi oil field near Gujarkhan in the subsurface. The sandstone occasionally 
displays trace fossils. 


The Khewra Sandstone can be divided into three units on the basis of bedding 
characters and lithology and may be called as units A, B and C from its base to its top, 
respectively.The lower unit (A) consists of dark purple calcareous silty shales and shaly 
siltstones and display thin bedding towards the base. The beds gradually become thin to 
medium towards the top of the unit. The shales and siltstones are calcareous and 
occasionally grade into lenticular carbonate beds and also display carbonate nodules. The 
colour of the silty shales is dark brown to purple and bright red. The shales also display 
gypsum and salt pseudomorph structures. The siltstones display cross beddings, trace 
fossils and occasional greenish colours due to glauconitic material. The thickness of the 
lower unit varies from 35 to 69 m (Fig.1.1.1A). 


The middle unit or unit B consists of medium to thick bedded sandstones. The 
sandstones are dark brown at the base and gradually become light brown towards the top 
of the unit. The grain size also increases towards the top of the unit from fine grained 
sands at the base to medium grained sandstone towards the top. The sandstones display 
cross beddings, occasional ripple, load casts, and chemical weathering. The sandstones 
occasionally display thin lenticular streaks of white to buff sands enclosed in the light 
brown sands. These whitish thin streaks could be due to wind blown sands transported 
into the depositional basin. The middle unit sands are medium to thick bedded at the base 
and gradually become thick to massive bedded towards the top. The shales are thinly 
bedded and display very thin laminations. The shales are bright red to dark purple as 
compared to the underlying and overlying sandstones. The shales are also occasionally 
green with lenticular greenish siltstones. The thickness of this unit varies from 62 to 67m 
in Salt Range (Table 1.1.1). 


Fig:iA -IaThe correlation of the Khewra Sandstone in Salt Range from East to West .(Horizontal Scale Schematic and not to the scale) 
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The upper unit or unit C includes thick to massive bedded sandstones. The 
thickness of beds increases towards the top of the unit. The grain size also increases from 
medium grained at the base to coarse grained ad conglomeratic towards the top of the 
unit. The colour also changes from light brown to yellowish and whitish brown towards 
the top of the unit. The sandstone is cross bedded, medium hard to friable and 
ferruginous. The yellowish colour of the sandstone is due to the presence of goethite and 
other oxides of iron. The sandstone of the upper unit occasionally display white friable 
sand beds which may be utilized as glass sands. The upper unit varies in thickness from 
26m to 45m (Fig.1.1.1A). 


11.5 CORELATIONS AND DISTRIBUTION: 


The Khewra Sandstone is widely distributed in Salt Range, from Ludwah near 
Jalalpur in the east to the Khan Zaman Nala in the west. It is also reported in the Khisor 
Range near Saiyiduwali (Fatmi, 1973), near Abbotabad (Baqri, 1984) and in the 
subsurface of the Potowar.Figure 1.1.1A gives the correlations of the Khewra Sandstone 
exposed at Ludwah, Khewra Gorge, Nilawahan Gorge, Kalarawahan and the Khan 
Zaman Nala. This figure also correlates units A, B, and C of the formation in Salt Range, 
respectively. The correlations of the units and formations indicate a general uniformity. 
The field correlations also indicate that the Khewra Sandstone at Kalarawahan was 
deposited in comparatively deeper water conditions. The disconformity on the top of the 
Khewra Sandstone indicates that it eroded the Khewra Sandstone deeper towards the 
west. The lower unit is comparatively thin at the Khewra Gorge while it is thicker in 
other places, indicating that the Khewra area was comparatively higher during the 
deposition of the Khewra Sandstone. 


The thicknesses of sandstones, shales and carbonates beds were also measured in 
the field at Ludwah, Khewra Gorge, Nilawahan Gorge, Kalarwahan and the Khan Zaman 
Nala.The Percentages of sandstones, hales and carbonates were determined to understand 
their regional varations.Figure 1.1.2 provides the percentage distribution of the sandstone 
(siltstone and sandstones) shales and carbonates in the Salt Range for the Khewra 
Sandstone. The distribution of the shales indicates that it is slightly higher towards east 
and west and it could be due to basin fluctuations during the deposition of the Khewra 
Sandstone. Similarly, the sandstones and siltstones were distributed due to basin 
fluctutations.The carbonates show slight increase towards the west, indicating favourable 
conditions for the deposition of the carbonates in the west. Figure 1.1.3 gives the 
distribution of the shales, sandstones (siltstones + sandstones) and carbonates in the unit 
A of the Khewra Sandstone exposed in Salt Range. The Unit A also provides the same 
information as in the Khewra Sandstone. The shale is slightly higher in east and west and 
carbonate gradually increases towards west. The unit A controls the shales and carbonate 
part of the Khewra Sandstone. 


Fig:11.3The field percentage distribution of sand,shale and carbonates in the 


khewra sandstone, Unit A. 
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Figure 1.1.4 gives the percentage distribution of the sand (sand-+silt), shale and 
carbonates in the unit B of the Khewra Sandstone exposed in Salt Range. The shale 
remains more or less constant in unit B and same is true for the sandstone 
(sandstone+tsilt) with slight variation due to the presence of carbonates towards the west. 
The field observations indicate that the unit B was deposited in more or less similar 
conditions with slight varations.Figure 1.1.5 provides the sand shale ratios of the Khewra 
Sandstone (KHS) as a formation. The sand/shale ratios in Khewra Sandstone as a 
formation displays slight variations from east to west. The sand shale ratio of the unit A 
remains constant, but shows noticeable variations in unit B (Figure 1.1.5). These 
variations reflect the changes in the energy of the depositional medium. These changes 
may be further reflected by investigating the actual sand shale ratios in the Laboratory. 


116 STRATIGRAPHIC RELATIONSHIPS 


The Contact of the Khewra Sandstone with the underlying Salt Range Formation 
is a controversial topic from the early days in the geological investigations. The contact is 
highly disturbed at several places. The Salt Range Formation does not display any 
bedding or regularity in the regional geology due to the uplifting and doming of the salt 
in the Salt Range areas. Beautiful salt domes can be seen in the Khewra area, Katha- 
Khushab area and Warcha areas. The salt dome in the Katha area has uplifted the younger 
formations and this is evident from the dips of the younger formations, which are steeper 
towards the salt exposures and gentle away from the salt exposures. The dips also give a 
more or less circular pattern around the salt dome and can be observed from any cliff 
closer to the Katha Khushab road. The presence of Khewrite in Khewra Gorge and 
Nilawahan in the same stratigraphic order supports the view that the Khewra sandstone is 
overlying the older rocks of Pre-Cambrian or Early Cambrian age. The rocks exposed in 
the Khan Zaman Nala, just below the Khewra Sandstone display conformable contact. 
The movement of the salt and gypsum can be observed in Khan Zaman Nala.The gypsum 
flowed due to movements and can be seen in the fractures perpendicular to the bedding 
and along the bedding planes. The Khewrite was not recorded in the Khan Zaman Nala, 
but some greenish clayey materials resembles the Khewrite with the random clayey 
materials resembles the Khewrite with the random orientation, of the grains, similar to 
the weathered Khewrite rocks. It can be therefore, concluded that the low lying older 
rocks called as the Salt Range Formation had a conformable contact with the Khewra 
sandstone which has been disturbed due to salt domes and salt diapiers. The presence of 
salt domes and salt diapiers is also supported by the Junction of the Khewra Sandstone 
and the Salt Range Formation. 


Figtt.4The field percentage distribution of sand shale and carbonates in the khewra sandstone 
unit-B, 
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The upper contact of the Khewra Sandstone with the overlying Kussak Formation 
is considered to be disconformable. A conglomerate bed marks the disconformity and is 
regionally presented in all the exposures of Khewra Sandstone and Kussak Formation in 
the Salt Range. The conglomeratic bed displays the environmental changes that occurred 
due to the comparative shallowing of the basin and regression of the sea. The presence of 
goethite and other iron oxides in the upper unit (unit C) or the Khewra Sandstone and 
well rounded gravels and pebbles in the conglomeratic bed indicate that the Khewra 
Sandstone was uplifted and partly eroded before the transgression of the sea again. 


11.7 FOSSILS AND AGE: 


The Khewra Sandstone is generally unfossiliferous but the trace fossils were 
observed in the Unit A and unit B. These fossils appear to be the animal burrows and 
tracks. Schindewlf and Seilacher (1955) interpreted these tracks and burrows as diggings 
of the trilobites. It is likely that the trilobites and annelids used to live in the area during 
the deposition of the Unit A. These animals gradually decreased during the deposition of 
the units B and C, but increased again during the deposition of the rocks of the Kussak 
Formation. It is likely that the Khewra Sandstone was deposited during the Early 
Cambrian times to Late Pre-Cambrian times as a sandy shaly unit after the deposition of 
evaporates and shallowing of the sea due to the tectonic activity responsible for the flow 
of lava (called Khewrite) in the rifted blocks in Salt Range areas. 


114.8 ECONOMIC IMPORTANCE 


The Khewra Sandstone displays oil seepages in Salt Range near the Baghanwala 
village and the Katha areas. The oil has been discovered in the Khewra Sandstone in the 
subsurface at the Adhi oil field. The upper unit (C) and middle unit (B) display fair to 
good porosities and therefore these units can be exploited as the reservoirs for oil, gas and 
water in the subsurface. The lower part of the middle unit (unit-B) and the upper part of 
the lower unit (unit-A) may be used as building stones and as decorative stones in 
buildings. The flaggy sandstones resemble the sandstones used in the Shalimar Garden, 
Lahore. 


SCALE CHANGED 


Fig}.isThe sand shale ratios of the Khewra sandstone in 
Salt Range. 
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TABLE: 1.i.1. THE TABLE PROVIDES THE PERCENTAGE DISTRIBUTION OF SAND AND CLAY IN THE 
THE KHEWRA SANDSTOEN IN SALT RANGE ACCORDING TO FIELD OBSERVATION. 


UNIT LUDWAH KHEWRA GORGE NILAWAHAN 
PERCENTAGE SAND- THICKNE PERCENTAGE SAND- THICKNE PERCENTAGE SAND- THICK 
SHALE SS (cm) SHALE SS (cm) SHAL NESS 
E (cm) 
SAND SHALE RATIOS SAND SHALE RATIOS SAND SHALE RATIOS 
A 32.67 67.33 0.49 6964.50 34.71 65.29 0.53 5565.00 61.25 30.78 157 5421.50 
B 100.00 0.00 0.00 6719.00 96.04 3.96 24.24 6424.00 96.41 3.59 26.85 6218.00 
Cc 100.00 0.00 0.00 3916.00 100.00 0.00 0.00 3595.00 100.00 0.00 0.00 4545.00 
Fm. 73.35 26.65 2.75 17599.50 75.05 24.95 3.00 15304.00 85.63 14,37 5.96 16184.50 
UNIT KALARWAHAN KHAN ZAMAN NALA 
PERCENTAGE SAND-SHALE THICKN PERCENTAGE SAND-SHALE THICKNES 
SAND SHALE RATIOS ae SAND SHALE CARBONATE RATIOS S (cm) 
cm. 
A 55.99 44.11 1.27 3546.65 40.00 54.00 6 0.62 5630.00 
B 98.57 1.43 69.09 6761.00 96.00 3.00 1 46.70 6320.00 
Cc 100.00 0.00 0.00 4037.00 100.00 0.00 : 0.00 2650.00 
Fm. 88.44 11.56 7.65 14344.19 74.00 22.00 4 3.20  14600.00 


lii. GENERAL PETROGRAPHIC STUDIES OF THE KHEWRA SAND- 
STONE AND PALAEOENVIRONMENTS 


1.u.1 INTRODUCTION 


The petrographic studies of the Khewra Sandstone were conducted to understand 
the mineral composition of the Khewra Sandstone and to know the relations of the 
cement, pores and grains for a clear understanding of the diagenetic and burial history. 
The grains and cement are the guidelines to understand the processes responsible for 
closing the pores and, therefore to understand the reservoir character of the formation. 
About 90 samples were studied for the petrographic studies of the Khewra Sandstone 
from Ludwah, Khewra Gorge, Nilawahan, Kalarwahan and Khan Zaman Nala.The thin 
sections were studied under a polarized microscope and the details of the minerals in 
relation to each other were investigated. 


1.11.22 METHODS OF INVESTIGATION: 


Thin sections were prepared according to the procedure given by Kerr (1959).All 
thin sections were studied under microscope in PPL and XPL.According to Selley (1976), 
physical maturity (Mp), chemical maturity (Mc) and net maturity (Mn) was calculated by 
utilizing the following formulae: 


G 
Mp= ------------ x 100 
G+M 
Where G is the volume of grain and M is the volume of Matrix. 


Gs 
Mc ------------ x 100 
Gs + Gu 
Where Gs is the volume of chemically stable grains and Gu is the volume of chemically 
unstable grains. 


Where combining the two indices of chemical and physical maturity, an indicator of net 
maturity index is found thus: 


1.11.3 RESULTS: 
All the thin sections studied under microscope displayed mainly quartz cemented 


clays, carbonates and oxides of iron. The quartz grains were generally sub-angular to sub- 
rounded and polycrystalline to monocrystalline in nature. 


The quartz grains were mostly coated by oxides of iron and occasionally fractured. The 
quartz grains also appeared to be replaced by carbonates in most of the thin sections. The 
nature of the quartz in unit A reflects its small size as compared to the quartz grains in 
units B and C. The grains in unit C generally sub-rounded to sub-angular and 
occasionally well rounded. The microscopic studies of the quartz grains indicate a 
gradual increase in size from base of the formation to the top of the formation. The 
extinction of the quartz is occasionally wavy which indicates that some of the quartz was 
transported from a metamorphic source. The iron coating on quartz grains indicates that 
these grains were transported from a continental source into a marine fluvial depositional 
basin. 


Other grains observed in the Khewra Sandstone were mostly the grains of 
feldspar. The feldspar grains are mainly plagioclase feldspar (labradorite) with some 
microcline and other feldspars. The feldspar grains are sub-angular to sub-rounded and 
occasionally rounded. The grains are cemented with clays, carbonates and iron oxides. 
The feldspars generally do not exceed in the samples from 5%.The feldspars grains often 
appeared to be weathered and are being replaced by the carbonates and clay minerals. 
The grains of feldspar often show an alteration which is reflected by the clear zoning of 
the crystals. The alteration processes of the feldspar were initiated from early diagenetic 
burial stages. It appears that the feldspars, deposited in the sandstone, were eroded from 
the igneous and metamorphic complexes. Some of the feldspar grains were also coated 
with iron oxides and could be the reworked feldspars. 


The flakes of mica and glauconites were also observed in unit A and B.These 
flakes appear mostly along the bedding surface and are oriented parallel to bedding but 
randomly oriented grains were also observed. The glauconitic material appears to be 
rounded grains/pellets of glauconite in different sizes and occasionally display faint, 
concentric and radial structure but mostly these grains do not show any structure. The 
grains without structure may be called pelletoidal grains of glauconite.It is likely that the 
glauconitic grains reflect the wave dominated detritus of a Cambrian delta. The grains of 
the glauconite appear to be dark green to brownish green in XPL and PPL. 


The rock fragments can also be seen in most of the slides. These fragments 
include a combination of fine clays, carbonates, fine quartz, feldspar and probably some 
basaltic glassy materials. The rock fragments appeared to be highly weathered and reflect 
the unstable nature during the process of diagenesis.It is very difficult to recognize the 
rock fragments due to cementation and weathering. Most of the rock fragments are coated 
by the iron oxides. The rock fragments also altered to clays and carbonates depending 
upon the mineral composition of rock fragments. The source rock for the rock fragments 
could be igneous and metamorphic rocks. 


The grains of magnetite and other iron oxides (limonite, hematite) can also be 
observed in the Khewra Sandstone in PPL.The grains are subangular to subrounded and 
appear as distinct grains in most of the samples. The source of these grains could be 
igneous and metamorphic rocks. 


The cementing materials in Khewra Sandstone are mainly clay minerals, 
carbonate minerals and iron oxides but occasionally finely crystalline silica, released due 
to the pressure solutions, also acted as the cementing material. The clay minerals acting 
as cementing material are dominantly illite (micaceous material) in all units (A, B, C) and 
constitute bulk of the clay materials. The second dominant clay materials acting as 
cementing materials are the chloritic materials which appear as greenish brown minerals 
under microscope in xpl and ppl. Other clay minerals could also be present but those 
could not be recognized in these slides. The chloritic cementing materials are abundant in 
unit A but gradually decreased from base to the top of unit B. The chloritic materials are 
in unit C. The clay minerals originated partly diagenetically and partly as detrital 
materials depending upon the presence of respective ions to be included in the structure 
of the detrital clays. 


The carbonate cements are the next dominating cementing materials after clay 
minerals and occur in abundance in unit A. These cements also occur in Unit B but 
gradually decrease in unit C.The carbonate cements most likely originated during late 
diagnesis due to pressure solutions. 


The cement formed due to oxides of iron are mostly diagenetic and originated due 
to the dissolution of iron oxides through pressure solutions dissolving the detrital iron 
oxides transported into the depositional basin. The cementing materials present in 
abundance blocked the porosity of the sandstone in unit A and B but as these cementing 
materials were not in abundance in unit C, the porosity is not much affected. A detailed 
study of the pores in unit A, B and C revealed that the porosity in unit A is 5 to 8%, in 
unit B it is 20% and in unit C, the porosity is from 15 to 25%.The porosity in Khewra 
Sandstone therefore, increases from base to the top of the formation. 


It is concluded that the upper and middle units or unit C and B are very good 
reservoir rocks for storing water, oil and gas. The type of porosity is mainly the primary 
porosity in unit A, B, and C. The secondary porosity can also be seen in sandstone which 
appeared due to fractures and pressure solutions. 


The stylolites can be observed in the samples of units A, B, and C, respectively. 
The stylolites, fractures and bedding planes also provide the permeability in Khewra 
Sandstone and are responsible for the connection of pores with each other. 


The cementing materials, therefore, in Khewra Sandstone vary from unit to unit 
and are included from 15% to 85%.The mineral composition, rock fragments and matrix 
(cementing materials) are visual estimates and were plotted on triangles given by 
Pettijohn (1954) for the classification of sandstone to investigate the nature of sandstone 
and to classify them according to the standard classification of sandstone. Most of the 
samples of the Khewra Sandstone in units A, B, and C showed that they resemble the 
greywacke type of sandstone. Figs 2.11.1; 3.11.1; 4.11.1; 5.11.1 and 6.11.1 provide these 
triangular plots for the classification of sandstone from Ludwah hill, Khewra gorge, 
Nilawahan, Kathawahan area and the Khan Zaman Nala respectively. The investigations 


x2 


about the classifications of sandstone also gave interesting information about the 
variations of the matrix and grains in the sandstone from place to place and indicated the 
process of diagenesis and transportation. The sandstone (greywacke) were further 
investigated to understand the sub-classification of the graywackes for the better 
understanding of the depositional basin. The problem of classification for sedimentary 
rocks has been tackled by several workers (Grabau 1904, Krynine 1948, Shrock 1946- 
1948 & Rodgers 1950). 


Most of the scientists concluded that the texture & mineralogical composition of 
sandstones can be used for their classification. William et al (1954) provided a triangular 
classification for the determination of the classification of a sandstone. He used quartz, 
feldspar and unstable fine grained rock fragments as variables in percentages for the 
classification of graywackes.According to Williams et al (1954) the Khewra Sandstone 
(graywacks) can be further classified as lithic to sub-feldspar lithickwacke. Figs 2.11.2; 
3.11.2; 4.11.2; 5.11.2 and 6.11.2 provide these triangular plots for the classification of 
sandstone exposed at Ludwah, Khewra Gorge, Nilawahan, Katahawahan and Khan 
Zaman Nala, respectively. 


Selley (1976) also provided a triangular classification for the determination of the 
type of Sandstone. He used quartz, feldspar and clay as variables in percentages for the 
classification of sandstone. According to Selley (1976) the Khewra Sandstone is 
classified as quartz wackes. Figs.2.11.3; 3.11.3; 4.11.3; 5.11.3 and 6.11.3 provide these 
triangular plots for the classification of sandstone from Ludwah hills, Khewra Gorge, 
Nilawahan, Kathawahan area and Khan Zaman Nala respectively. 


1.11.4 DISCUSSION: 


Tucker (1985) stated that the characteristic feature of graywackes is the fine 
grained matrix which displays an intergrowth of the sericite, chlorite & fine grains of 
quartz & feldspar. He further stated that the graywackes are dark gray coloured rocks and 
were deposited by turbidity currents in various types of basins & mostly occur in 
Paleozoic rocks. Pettijohn (1954) pointed out that the graywackes of the geological 
record are old, mostly Paleozoic or older and are commonly associated with greenstones 
which are the typical sandstone of eugeosynclinal fold belts. He further stated 
eugeosynclinal graywackes are generally feldspar rich & grade into volcanic wackes. He 
further stated that graywacks may also occur in geosyncline in which volcanism sparse or 
absent. Selley (1985) discussed the deep sea sediments and stated that there are several 
criteria which may be used that sandstone was deposited in deep water. Some of these 
criteria are negative & some positive. He stated that deep sea sand must lack such 
features as rain prints, vertebrate tracks, rootlet horizons, paleosols & dessication cracks. 
He stated that the positive criteria that indicate a deep marine environment for a sand are 
very dubious & explained some of the criteria in detail. He concluded that the regional & 
stratigraphic position of a formation may be used to infer a deep water origin. He 
elaborated that the deep water origin for sandstone may be suspected in basin centres 
especially if they are overlain by, or passed shelf ward into slope deposits. 
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He further stated that the graywacks are poorly sorted sandstones with abundant matrix, 
feldspar and/or rock fragments. He further pointed out that the most noticeable feature of 
turbidite is that they are vertically graded and each bed generally has a sharp base and an 
upward gradation into shale. Selley (1976) stated that chemically immature wacks are 
classic graywacks and defined them as texturally immature sand with more than 15% 
matrix. He further stated that the matrix is a microcrystalline paste of clay minerals, 
sericite, chlorite, carbonates and quartz. The grains of the graywacks are shadowed by 
abundance of other detrital minerals. According to Selley (1976) micas are abundant and 
include both muscovite and biolite. Selley (1976) stated that the presence of authigenic 
minerals and the corrosion of detrital grains indicates that some of the matrix is 
diagenetic in origin. He further strengthened his point by stating that typical wackes are 
largely Pre-Cambrian and Paleozoic in age. Selley (1976) concluded that due to 
increasing transportation the quartz wacks lose their clay content with the genesis of a 
rock type which is often called subgraywacke and may be found in both fluvial and 
deltaic facies. He quoted the example of subgraywacks found in the fluvial Devonian and 
deltaic Pennsylvanian sandstones on both sides of the north Atlantic. The composition of 
the sandstone provides the idea about its maturity and therefore, indicates the cycles of 
sedimentation. The chemically mature sediments are generally polycyclic in origin while 
chemically immature sand generally represent first cycle materials derived from igneous 
and high grade metamorphic rocks. 


The petrographic classification of the sandstones according to Pettijohn (1954) 
and Selley (1976) provides the idea about the nature of sandstone and display that these 
sandstones are actually quartz wackes or lithic wackes.According to Selley (1976) the 
Khewra Sandstones show high chemical and net maturity and intermediate to high 
physical maturity. Figs 2.11.4; 3.11.4; 4.11.4; 5.11.4 and 6.11.4 provide the maturity indices of 
the Khewra Sandstone from Ludwah, Khewra gorge, Nilawahan, Kathawahan area and 
Khan Zaman Nala, respectively. According to Selley (1976), the Khewra Sandstone is 
chemically mature in nature as the points lie in a direction of increasing chemical 
maturity. Figs.2.11.5; 3.11.5; 4.11.5;5.11.5 and 6.11.5 display the increasing chemical maturity 
of the Khewra Sandstone from Ludwah, Khewra Gorge, Nilawahan, Kathawahan area 
and Khan Zaman Nala, respectively. It is therefore concluded that these sandstones are 
polycyclic (eroded sedimentary sandstone) and were transported into the depositional 
basin after traveling reasonable distances through oxidizing conditions and were 
deposited into deltaic environments. The red colour of the sandstone is due to coating of 
the iron oxide on the quartz grains which was partly due to oxidation at the continent and 
partly due to diagenetic solutions rich in the dissolved iron oxides. The sandstones in the 
unit A also display occasionally green, dark green colours and provide the idea that they 
partly originated in conditions similar to the conditions necessary for the deposition of 
graywacks. It is also noted that the sandstone in the lower units show graded beding and 
partly represent turbidite conditions but the sandstone in the units C and B are generally 
not graded and represent deltaic to near shore environments of deposition. It is therefore, 
concluded that the Khewra Sandstone is partly graywacks type sandstone in nature (Unit 
A) and mostly deltaic (Unit B and C). The presence of high amount of cementing 
material in the sandstone is due to the presence of diagenetic cement originated due to 
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diagenetic solutions of iron oxides, carbonates, finely crystalline silica and some 
diagenetic clays such as sericite, chlorite and the mixed layer clay mineral. It is likely that 
originally matrix in sandstone was not as high as it is present now and is falsely 
represented as a greywacke in most of the samples. It is, therefore, concluded that 
petrographically these sandstones were partly graywackes of delta front environments 
and partly deltaic. 


The presence of greywacke sandstone similar to Khewra Sandstone in a 
depositional basin needs a quick review of the type of basins in which the Khewra type 
sandstones can originate with reference to their underlying and overlying lithologies. It is 
interesting that the depositional basins can be classified into 4 types of main basins and 
may be called as basin (Sensu stricto), troughs, rifts and ocean margin basins (Selley 
1976).Selley (1976) divided the basins into two types of basins called as intracratonic and 
epicratonic basins (cratonic suite associated with crustal stability). Selley (1976) called 
the troughs as geosynclines, miogenticlinal ridge, eugeosynclines, eugeanticlinal ridge 
and ocean (geosynclinal suite associated with zones of crustal subduction).The third type 
of sedimentary basins were called as rifts by Selley 1976) and which include 
intramontane post orogenic basins, intracratonic and intercratonic basins. Selley (1976) 
called the 4" type of sedimentary basins as ocean margin basins. Selley (1976) quoted 
several examples of these basins from the past and present sedimentary deposits. He 
called the sedimentary basins from the past and present sedimentary deposits. He called 
the sedimentary basins as an essentially saucer shaped area of sedimentary rocks. The 
intracratonic basins display mainly sedimentational environment including fluvial and 
marine sand, reefal carbonates, evaporates and subwave base pelagic mud. Selley (1976) 
stated that the intracratonic basins generally do not display deep sea facies, turbidite and 
deltaic facies ,igneous activity and shallow syndepositional faulting.Selley (1976) stated 
that the epicratonic basins generally display deep water sedimentation, evaporates, 
diverse shore line facies, barrier and deltaic deposit, marine slope muds and turbidites. He 
quoted several examples of the epicratonic basins from the present and past 
environments. Selley (1976) further defined geosyncline in details and discussed the 
sedimentary processes. He stated that the migeosynclines are in many ways similar to 
epicratonic basins, as the subsidence is generally sufficiently gradual for the deposition of 
shallow marine facies. 


A quick review of the Pre-Cambrian deposits in Salt Range indicates that Pre- 
Cambrian rocks contain mostly evaporites, carbonates, sandstones, marls, shales and 
basalts. The Cambrian deltaic rocks mostly contain deltaic sandstones, turbidite type of 
facies. A review of the sediments and basins indicates that the Khewra Sandstone was 
deposited in a basin resembling from epicratonic to miogeosyncline. It should also be 
pointed out here that the Cambrian rocks are directly overlain by the Permian sandstones, 
shales and limestones. The Permain sandstones are mostly arkosic and reflect the erosion 
of a continental crust like granitic basement and other acidic igneous rocks. Therefore 
these sandstones were most likely deposited in an epicratonic type of basins. 


lii. GENERAL SEDIMENTOLOGICAL STUDIES OF THE KHEWRA 
SANDSONT AND PALAEOENVIRONMENT 


1.1.1 INTRODUCTION: 


The study of the depositional environments of the Khewra Sandstone was the 
most important objective of this research programme, as the palaeoenvironments of this 
formation have been investigated by several workers. Some workers placed the 
depositional environment as continental while the others called it as marine environment. 
The sedimentological studies of the representative samples from the Eastern, Central and 
Western Salt Range were conducted after sampling the formation from the Ludwah hills, 
The Khewra Gorge, The Nilawahan Gorge, the Kalrawahan and the Khan Zaman Nala, 
respectively. About 193 samples were selected for the grain size analyses using sieving 
and hydrometer techniques. The samples represented all the lithological variations from 
the base to the top of the formation in Salt Range. 


1.11.2 METHODS OF INVESTIGATION: 
i. PREPRATION OF SAMPLES FOR GRAIN SIZE ANALYSES: 


The grain size analyses of the Khewra Sandstone was conducted by disintegrating 
the original rocks into its component particles gently and by measuring the grain sizes of 
the particles. The grain preparation in the samples of Khewra Sandstone was carried out 
by the following two methods (Griffiths, 1967): (a) The grains in the loosely consolidated 
and friable rock samples were separated by treating with fingers (b).The hard samples 
were first broken into small fragments and gently crushed in a porcelain mortar and 
pestle. Care was taken not to damage the grains. The separated grains/particles in each 
sample were compared with binocular microstone with their original samples to gain 
confidence about the grain separation method. 


ii. PROCEDURE FOR MEASUREMENT OF GRAIN SIZES: 


About 193 samples collected from Khewra Sandstone were prepared and analysed 
for grain size analyses using standard sieving and sedimentation techniques 
(Griffith, 1967).In sieving method, about 100 grams of each sample was weighed in an 
electronic balance and was introduced into a set of sieves arranged in descending order of 
increasing coarseness (Table 1.iii.1). The sieves were shaken through an automatic 
electric shaker for about 15-25 minutes and the residue in each sieve was weighed and 
recorded as weight percentages of different grain sizes in each sample. In order to obtain 
the various size fractions of silt and clay finer than 4 Phi or less than 0.0625 mm the 
analyses were conducted by hydrometer. In this method, the residue passing through 200 
mesh in sieve analyses were placed in tall graduated cylinder with a known volume of 
distilled water (1 liter). After stirring, hydrometer was dropped in the cylinder and 
constant time for the various depths of hydrometer were noted. The temperature of water 
was also noted. In this technique the larger particles will settle faster than the smaller and 
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size weight percentages for various fractions of silt and clay in each sample were 
calculated by transforming settling velocity to size scale by means of Stokes law 
(Griffiths, 1967). These results were combined with sieve analyses of the sand fraction to 
give a complete grain size distribution (2.iv.1-25, 3.1v.1-35, 4.111.1-62, 5.111.1-35, 6.111.1- 
38). 

(Refer chapters 2.iv (samples 1-25), 3.iv (samples 1-35), 4.111 (samples 1-62, 5.iti 
(samples 1-35), 6.111 (samples 1-38) for details) 


TABLE: 1.iii.1: THE TABLE GIVES SIZE AND MESH No. OF SIEVES USED FOR 
GRAIN SIZE ANALYSES OF THE KHEWRA SANDSTONE 


MESH No. SIZE IN MILLIMETERS 
4 (4-2) 

10 (2-1) 

18 (1-0.5) 

35 (0.5-0.25) 

60 (0.25-0.125) 

120 (0.125-0.0625) 

200 (0.0625-0.0039) 


1.11.3 RESULTS: 


The grain size analyses of the Khewra Sandstone samples from the Ludwah hills, 
the Khewra Gorge, the Nilawaahan, the Kalarawahan and the Khan Zaman Nala are 
given in tables 2.iv.2, 3.1v.2, 4.11.2, 5.111.2 and 6.111.2 respectively. Figure 1.1 gives the 
locations of the areas. Tables 2.iv.1, 3.iv.1, 4.11.1, 5.ii1.1 and 6.iii.1 give the stratigraphic 
positions of the samples on the lithological logs with other field observations. Figures 
2.iv.2, 3.iv.2, 4.11.2, 5.i11.2 and 6.ii1.2 provide the histograms and cummulative frequency 
curves of the individual samples from the unit A. Figures 2.1v.3, 3.iv.3, 4.11.3, 5.111.3 and 
6.111.3 provide the histograms and cummulative frequency curves of the individual 
samples from unit B while the figures 2.iv.4, 3.iv.4, 4.111.4, 5.11.4 and 6.111.4 provide the 
histograms and cumulative frequency curves of the individual samples from the unit C 
respectively. 


1.11.4 INTERPRETATION OF THE RESULTS: 


Tables 2.iv.3-5, 3.1v.3-6, 4.111.3-6, 4.i11.3-6, 5.i11.3-6 and 6.i1i.3-6 give the 
interpretation of the results to understand the textural classification of the Khewra 
Sandstone from the Eastern, Central and the Western Salt Range. All the above 
mentioned tables indicate that the Khewra Sandstone in Salt Range can be divided into 
four main textural classes named as sandstone, silty sand, sandy silt, and siltstone, 
respectively. Simillarly the units A,B and C of the Khewra Sandstone display mostly 
sandy silt to silt in the Unit A, sandy silt to silty sand in Unit B and silty sand to sand in 
Unit C (tables 2.1v.5, 3.1v.4, 4.111.4, 5.111.4, 6.11.4). 


Fig. 1.iii1.1. The figure provides the percentage distribution of sand, silt and clay for Khewra 
Sandstone as determine in Laboratory. 
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Scattered plots representing six combinations of various statistical parameters known as 
graphic mean size (Mz), graphic standard deviation (SD), graphic skewness (SKG) and 
graphic kurtosis (KG) were prepared for all the five sections of the Khewra Sandstone to 
understand the variations of the respective statistical parameters with reference to each 
other (Figures 2.iv.14, 3.iv.14, 4.11114, 5.11.14 and 6.111.14). The scattered plots display 
generally two main clusters of the samples. The plots of sand samples lie away from the 
plots of sandy silt and silt samples. It is interpreted that these clusters on the scatter plots 
are formed due to variations in the energy of the depositional medium. It could be due to 
variation in the environment from Pre-delta to delta-slope and delta-top. The histograms 
for individual samples for units A, B, C and the complete formation, display that the 
Khewra Sandstone was deposited in Fluvio-marine environments. The histograms of the 
individual samples from the unit C and the means of Unit C resemble the histogram of 
the river sands (Selley, 1976). The histograms of the unit B resemble the histograms of 
river sands partly (top samples) and mostly resemble the beach type of sands. The 
histograms of the Unit A resemble generally the turbidite type of sediments and may be 
inferred as the deposit of the pro delta or delta front areas. The C-M diagrams prepared 
after Selley (1976) indicate the positions of the samples closer to the IV and V class of 
Selley (1976). According to Passega (1957, 1964) given in Selley (1976), these classes 
represent the bed load and turbidity current process of sedimentation. It is most likely that 
the present samples represent the same environments of class Iv and V of Passega (1957, 
1964) and are interpreted as the sediments transported by rivers into the ocean and settled 
in delta front area. Figures 2.iv.15, 3.1v.15, 4.11.15, 5.11.15 and 6.i11.15 provide the 
cuMmulative weight percent plotted against grain size for all five sections to understand 
the sorting of the sands in relation to grain size (Selley 1976).These curves appear to be 
reasonably steep and indicate moderate to fair sorting, according to the curve E given by 
Selley (1976). 


1.11.5 DISCUSSION: 


The studies of ancient deltas have been conducted by several workers who tried to 
investigate the geometry of ancient deltas with the help of the sedimentary processes 
occurring in present deltaic environment. Scrutton (1964) gave the details of deltas 
building and the deltaic sequence by investigating the modern Mississippi delta sequence. 
He stated that the marine deltas are seaward thickening embankments of sediments 
deposited during the constructional phase and modified by the destructional phases. He 
pointed out that the sediments of embankment are mostly land derived clastics, deposited 
in orderly sequence on the sea floor about the distributory mouths. The make up of the 
topset, foreset and bottom set deposits of a classical delta sequence. Because of the way 
the delta grow, sediments change vertically in completed deltas in the same way they 
change seaward during the deposition and display definite similarities by different deltaic 
sequences. According to Scrutton (1964) the deltas rarely build indefinitely in one 
direction due to the shifting of the river for a shorter route to the sea. Scrutton (1960) 
gave the sequence of the Mississipi delta in which he showed the topset beds consisting 
of marsh deposits and deltaic front silts and sands. The foreset beds include the prodelta 
silty clays and siltstones while the offshore clays may be called as bottom set beds of 


delta sequence including mostly clays. The development of shoreline sedimentary 
environment including deltas depend on several variables such as influx of land derived 
sediments, tidal regime, current system, climate of the related movement of land and sea. 
The nature of shoreline deposits including deltaic deposits reflect the relative strength of 
land derived sediments and the ability of marine processes to redistribute. According to 
Selley (1985) the shoreline deposits can be classified into two main deposits called as 
lobate shoreline (deltas) and the linear shore lines (barrier island and lagoonal 
complexes).The lobate shorelines appear like the birdfoot distributory channels as found 
in modern Mississippi delta. According to Selley (1985) the deltas can be of significant 
economic importance as some of the delta deposits may be the potential hydrocarbon 
reservoirs. According to Rayner (1967), and Anderton et. al. (1979), the millstone grit 
facies, greywacke sandstone, shale facies and yoredale facies in Northern England 
represent Carboniferous deltaic sedimentation. Selley (1985) gave the detailed sequence 
of these Carboniferous deltas. Duff, Hallam and Walton (1967, p.81) stated that the 
Carboniferous rocks display distribution of deltaic facies nearly world wide. Allen (1960) 
studied the Mam Tor sandstones of Derbyshire, England and recognized as a turbidite 
facies of the Namurian deltas of Derbyshire. The deltaic sequence can be observed 
according to Walther’s law. Walther (1893, 1894) developed the ideas of facies concept 
initiated by Prevost and Gressley given in Middleton, (1973).He stated that the facies are 
seldom randomly arranged and concluded that the vertical sections of strata originated in 
sequences of environments which are seen side by side on the earth’s surface to day. 
Walther’s Law is the vital law in the environmental analyses and for recognizing 
environments of facies above and below. Some of the important known continental 
margin turbidite system occurs off the California coast (Selley, 1976). 


The above discussions and a quick review of the literature related to the 
sedimentary processes occurring at the land and ocean interface provide a good idea 
about the sedimentary environments that occurred during the deposition of the Khewra 
Sandstone. Figure 1.i1i.1 provides the percentage distribution of sand, silt and clay in the 
Khewra Sandstone indicating topographic variations. The laboratory data indicates that 
the finer fraction decreases towards the top of the formation (Fig. 1.i11.1).This supports 
the field observations that the grain size increases towards the top of the formation and 
support the idea that the formation was deposited in a deltaic environment. Figure 1.1i1.2 
compares the lithological logs of the Khewra Sandstones with a log of Scrutton (1964) 
and the environmental diagram given for deltaic environment by Selley (1976).The 
lithological logs of the Khewra sandstone can be related with the delta slope 
environments with siltstones intercalating thin clays and may be called as the foreset 
beds. Similarly, the top Unit C of the Khewra Sandstone can be related to the top set beds 
of delta top environments. 


It is interesting to predict the delta environment in relation to the geography of 
this mighty Cambrian river and delta. Figure 1.111.3 shows that the rivers flowed from 
South East to North, North West during Cambrian times, and the deltaic deposits are 
expected in Salt Range, Potwar and part of the Punjab plains. The deposits in the 
subsurface will be followed by freshwater alluvials and alluvial silts/sands towards South 
and South East of the Salt Range areas. The Cambrian rivers were the long rivers which 
deposited their detritus in the ocean towards the North and North West. Figure 1.i11.4 
displays the schematic cartoon of the Cambrian deltaic system in Potwar and Punjab 
plains. The pro-delta deposits or delta front deposits can be expected towards the north 
and northwest of Potwar. The Khewra Sandstone is also expected to be very thick 
towards north and North west due to the growth faults originated at the delta slope area. 
The growth faults of the delta slope area are also expected towards the Northern Potowar 
and further North towards Abbotabbad. Figure 1.iii.5 correlates the Khewra Sandstone 
exposed at Khewra Gorge and Abbotabad area with expected thickness in the Northern 
Potwar (Baqri, 1984). The thickness of the Khewra Sandstone around Abbotabad can be 
far thicker than the thickness shown by Bagqri (1984) due to the expected growth fault in 
the delta slope environments. This figure also shows the expected distribution of the 
Khewra Sandstone in Potwar areas as the thick finger bars representing flow of river 
channels and thin wave created beach sands. The Khewra Sandstone in between, the 
finger bars may be completed missing or partly present, depending upon the wave actions 
and the amount of detritus suspended in river waters. 


ECONOMIC SIGNIFICANCE: 


The discovery as a deltaic sequence for the deposition of the Khewra Sandstone 
can be related to the discovery of oil and gas deposits in the Khewra Sandstone 
distributed in Potwar and surrounding areas. The deltas are mostly the major hydrocarbon 
provinces in the world. 
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STRATIGRAPHIC CORRELATION OF THE KHEWRA SANDSTONE IN 
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2.1, THE PRELIMINARY GEOLOGICAL FIELD STUDIES OF THE 
KHEWRA SANDSTONE EXPOSED AT LUDWAH HILLS 


2.1.1 ABSTRACT: 


Detailed field studies of the Khewra Sandstone were conducted near the Ludwah 
Village. The sandstone displays a disturbed contact with the underlying Salt Range 
Formation of Pre-Cambrian age and disconformable contact with the overlying Kussak 
Formation of Cambrian age. The formation consists of mainly sandstones with minor 
shales at the base. The Sandstone has been divided into 3 main units called as A, B, and 
C. The unit A is mainly shaly while units B and C are sandy. The Sandstone consists of 
221 major beds and 658 total beds. The Unit C may be exploited as glass sand after the 
removal of iron oxides. Units B and C may also be exploited as reservoir for water and 
oil in the subsurface. Unit B may also be exploited as building stone at Ludwah. 


2.1.2 INTRODUCTION: 


The eastern most outcrops of the Khewra Sandstone may be observed near 
Jalalpur just north of the Ludwah village (Fig-1.1.1).This village may be approached from 
the Pind Dadan Khan-Jalalpur road through a kacha road. The outcrops of the Khewra 
Sandstone appear as dark brown ridges in the north of the Ludwah village. 


2.1.3. PREVIOUS WORK: 


Most of the geological investigations about the Khewra Sandstone have been 
reported from the Khewra Gorge. The generalized descriptions given by previous 
workers are as follows. Wynne (1878) called the Khewra Sandstone as the purple 
Sandstone due to its dominant colour. Waagen (1885) reported that the Khewra 
Sandstone may be divided into four units and included some of the lower lying gypsum, 
rock Salt and siltstones beds as the lowermost unit. Noetling (1894) claimed that the 
lower boundary of the Khewra Sandstone is existing at the top of present Salt Range 
Formation. He divided the Khewra Sandstone into two units, the lower shaly and the 
upper sandy unit. Krishnan (1960) claimed that the lower beds of the Khewra Sandstone 
are flaggy and shaly, while the upper beds are more sandy. He further pointed out that the 
lower contact of the Khewra Sandstone with the Salt Range Formation should be 
considered as a generally disconardance. Gee (1945) prepared the map of the Salt Range 
area and proposed that the contact between the Khewra Sandstone and the Salt Range 
Formation is sedimentary. Schindewolf and Seilacher (1955) stated that the contact 
between the Salt Range Formation and the Khewra Sandstone is conformable and the 
disturbance at their junction is of minor nature. They studied the sedimentary structures 
of the Khewra Sandstone and concluded that the sandstone was deposited under changing 
environments, predominantly in continental environments. Teichert (1964) described the 
Khewra Sandstone as reddish sandstone, dominantly sandy in the upper part and shaly in 
the lower part. Asrarullah (1967) studied the Khewra dome and concluded that the 
junction between the Salt Range Formation and Khewra Sandstone is conformable. 
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Ghauri (1970) studied the texture, structures and mineralogical composition of the 
Khewra Sandstone, exposed at the Khewra Gorge. He concluded that the Khewra 
Sandstone was deposited in the continental environments .Fatmi (1973) pointed out that 
Khewra Sandstone may be divided into two units, the lower shaly unit and the upper 
sandy unit. Shah (1977) described the sandstone as purple to brown fine grained 
sandstone with a lower shaly part and the upper thick to massive bedded sandstone. Gee 
(1945) mapped the Salt Range area and showed the distribution of the Cambrian rocks. 
Faruqi (1983) described that the junction between the Salt Range Formation and the 
Khewra Sandstone is a disturbed junction. He also emphasized that the salt tectonic 
should be given proper attention during the stratigraphical studies of the area. Abid 
(1984) divided the Khewra Sandstone into three units and reported the commercial 
discovery of oil at Adhi oil field. 


2.1.4 DETAILED FIELD DESCRIPTION OF THE KHEWRA SANDSTONE: 
General Description 


The Khewra Sandstone (175.99m) consists of dark brown shales and the brown to 
purple sandstones. The shales occur towards the base and display thin laminations. The 
sandstones are fine to medium grained, occasionally coarse grained, well sorted, ripple 
marked, mud cracked and often show load castings. The grain size of the Khewera 
Sandstone increases from the base towards the top. Similarly, the colour of the 
sandstones gradually gets lighter towards its top, i.e., from dark brown towards the base 
to yellowish white at the top. The average percentage of shale at Ludwah is 26.65% and 
sandstone is 73.35% (Table 2.1.3).The average sand/shale ratio is 2.75 at the Ludwahhills 
(Fig 2.1.2, table 2.1.3).The sand/shale ratios were determined according to Levorsen 
(1967).Table 2.1.1 gives the stratigraphic locations of the samples described 
megascopically and table 2.1.2 gives the detailed description of the samples of the 
Khewra Sandstone to provide further information about the detailed variations observed. 
Figure 2.1.1, gives the lithological log of the Khewra Sandstone with bedding characters, 
palaeo currents, rock modifiers, approximate grain size, estimation in the field, 
approximate sorting in the field, approximate roundness observed in the field, sand shale 
percentages and field divisions of the units and subunits. The Khewra Sandstone may be 
clearly divided into 3 distinct units on the basis of shale contents, grain size and bedding 
character. The upper unit is sandy, the middle unit is mostly sandy with minor shale and 
the lower unit is shaly with minor siltstone and sandstone. The lower contact of the 
Khewra Sandstone with the underlying Pre-Cambrian Salt Range Formation is partly 
distributed but a comformable distinction between the Khewra Sandstone and the Salt 
Range Formation may be clearly observed. The upper contact of the Khewra Sandstone 
with the overlying Kussak Formation is disconformable and as marked by a 2m thick bed 
of conglomerate. The Khewra Sandstone consists of 221 major beds and 658 total beds 
including micro beds. 
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2.1.5  UNIT-A 


The lower unit or unit A (69.64m) includes purple to dark brown shales 
intercalating with siltstones and sandstones. The shales are medium hard, thinly bedded 
and calcareous. The gypsum also occurs along the bedding planes. The gypsum along the 
bedding planes does not appear to be a part of the original lithology and probably occurs 
due to recrystallization along the weak planes (bedding planes) during the tectonic 
activity. The fine sandstones and siltstones are flaggy and display traces of fossils and 
tracks. The siltstones and sandstones also display ripple marks. The intensity of the shaly 
beds decreases towards the top of the unit. The lower unit or unit A consists of 51 major 
beds and a total of 487 beds including micro beds. The average sand shale percentage of 
this unit is 67.33% shale and 32.67% sand. The average sand shale ratio of the whole unit 
is 0.48.This unit may be further subdivided into 3 sub units. 


The lower sub-unit displays a disturbed contact with the under lying Salt Range 
Formation. The lower sub-unit is about 28m thick. The sub-unit includes mainly purple 
red to dark brown calcareous shales, intercalating thin sandstones and siltstones. The 
shales are mainly bedded and occasionally poorly bedded. The sandstones are calcareous 
and display trace fossits and ripple marks. The lower subunit is poorly porous and display 
mottled sandstone with greenish grey spots. The mottled greenish grey colour could be 
the original colour of the sandstone and the iron rich solutions have later on coated the 
sandstones with red colour. The shales also occasionally display greenish grey colour and 
probably this colour of the shales represents the original depositional character. 


The middle sub unit consists of interbedded sandstones and shales. The 
sandstones are purple red to grey, occasionally greenish grey, low ridge forming and 
calcareous. The shales are purple, calcareous, thin to poorly bedded and marly. The 
subunit is about 28m thick. The middle sub unit is also poorly porous, thinly bedded with 
dominating shales and siltstones, occasionally display grey and greenish colour and 
probably the greenish grey colour represents the original depositional colour. The colour 
represents the original depositional colour. The frequency of the occurrence of the 
sandstones and siltstones increases towards the top of the subunit. The middle subunit of 
unit A, occasionally shows brownish grey to greenish grey colour, medium hard, fine 
grained to finely crystalline sandstone to siltstones with carbonate minerals such as 
calcite, dolomite and ankerite. The porosity of the sands was blocked due to clays and 
carbonate minerals. 


The upper subunit is 13.64m in thickness and includes light red to yellowish red 
shales intercalating fine grained, thinly bedded sandstones and siltstones. The sandstones 
are lenticular in nature, micaceous and occasionally grade into marly limestones (Pt.F- 
3/20).The calcareous and marly nature of these sandstones give them an appearance of 
Kussak type sandstones. The development of the more marly and calcareous sandstone 
indicates the shallow marine conditions of the area. The frequency of the occurrences of 
the sandstones and siltstones increases towards the top of the subunit. The upper sub unit 
of unit A underlies the unit B conformably (Pt.F-3/21). 


2.1.6 UNIT B: 


The middle unit or unit B (67.19m), consists of cross bedded, ripple marked and 
calcareous sandstones intercalating minor thin shales. The sandstones and siltstones are 
thin to medium bedded at the base and gradually change into medium to thick bedded 
sandstones towards the top. The sandstones are calcareous, medium to fine grained, well 
sorted, subangular to subrounded and fair to highly porous. The sandstones are ridge 
forming. The unit B consists of mainly sandstones, while the shales are in minor quantity 
and therefore, the sand shale percentage may be called as 100% sandstone (Fig. 2.1.2). 
This unit consists of 164 major beds. The unit shows concretions and diagenetic pores at 
its middle part. 


The middle unit or unit B may be divided into two subunits. The lower subunit is 
about 34m thick and consists of thin to medium bedded sandstone/siltstones intercalating 
minor shales. The frequency of occurrence of the shale decreases towards the top of the 
unit. The sandstones get comparatively thick bedded towards the top. Grain size is 
generally fine grained but gradually increases towards the top of the unit. The porosity is 
primary and fair, but fractures can be observed which indicate the secondary porosity. 
The sandstones are generally calcareous towards the base and gradually become non 
calcareous towards the top. 


The upper part of the middle unit is bout 33.19m thick and displays medium to 
thick bedding. The beds comparatively change from medium to thick to very thick 
towards the top of the unit. The porosity is generally of primary nature and the unit 
appears to be highly porous. The subunit is well sorted, fine to medium grained, 
occasionally calcareous and subangular to subrounded. The upper subunit of unit B 
displays concretions, local brecciation and diagenetic pores along the bedding planes at 
its base. 
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2.1.7 UNIT C: 


The upper unit or unit C of the Khewra Sandstone is about 39.16m in thickness 
and consists of medium to coarse grained friable sandstones. This unit is massive bedded 
and includes reddish brown to yellowish red and yellowish white cross bedded 
sandstones. The colour of the sands gradually gets lighter towards the top. Similarly the 
grain size also increases towards the top of the unit. The sandstone is friable and often 
displays distinct white bands. The upper unit of the Khewra Sandstone at Ludwah may be 
exploited as glass sand after removal of iron oxides. The unit C consists of a 
conglomeratic bed (2m) thick at its top. The conglomeratic bed marks the disconformity 
with the overlying Kussak Formation. The conglomeratic bed consists of mainly 
subrounded to rounded pebbles of quartz with friable coarse grained lenticular 
sandstones. It is limonitic and occasionally displays eroded shaly sandy fragments. The 
unit C consists of 8 major beds table 2.1.1. The sand shale percentage is 100% 
sandstone/siltstone (figures 2.1.2, 2.1.3). 


2.1.1 ECONOMIC IMPORTANCE: 


The Khewra Sandstone displays highly porous horizons in its upper and middle 
units and bears the property of good reservoirs. The reservoir capacity of the Khewra 
Sandstone may be exploited for the exploitation of water at the shallow depths. It is 
already being exploited for water at the Kussak village and for the exploitation of oil at 
deep levels. It is to be pointed out that commercial quantities of oil have been reported at 
the Adhi village from the Khewra Sandstone (Abid, 1984) 


Further experimental and metallurgical work is recommended for the exploitation 
of this unit as a glass sand. The middle unit of the Khewra Sandstone at Ludwah may also 
be used as a building stone. Locally, it is already being exploited as a building stone and 
as a graveyard slabs. 


2.1.9 DEPOSITIONAL ENVIRONMENTS: 


The field studies of the Khewra Sandstone indicate that the lower unit of the 
sandstone was deposited in shallow marine conditions as it displays salt pseudomorph 
structures and lenticluar beds of argillaceous/sandy limestones. The middle unit may also 
be expected to be deposited partly in the shallow marine conditions as the units are 
conformable on each other. The upper part of the unit B and unit C were deposited in 
flood plains and river channels. It is most likely that the Khewra Sandstone at Ludwah 
area was ddposited in deltaic environment. 


2.1.10 SUMMARY AND CONCLUSIONS: 


1. 


2 


The Khewra Sandstone at the Ludwah village is 175.99m in thickness. 

It consists of mainly brown to purple sandstone/siltstone and dark brown shales. 
The Khewra Sandstone may be divided into three distinct units called A, B, and 
C. Unit B and C include sandstone/siltstone, while unit A consists of shales 
intercalating thin sandstone/siltstones. 

The field percentage of sandstone/silt is 73.35 and the percentage of shale is 26.64 
The unit B and C may be exploited as a reservoir for water and oil/gas in the 
subsurface. Unit B may also be exploited as building stone at Ludwah hills. Unit 


C may also be exploited as a raw material for glass industry. 


The Khewra Sandstone was most likely deposited in shallow marine 
environments. 
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TABLE: 2.1.1. STRATIGRAPHIC POSITION OF THE SAMPLES OBTAINED FROM KHEWRA 
SANDSTONE EXPOSED AT LUDWAH HILLS NEAR JALALPUR. 
SAMPLE NO MAIN LITHOLOGY MAJOR BED STRATIGRAPHIC 
POSITION OF 
Sr.No. | THICKNESS(cM) TE ASETCND 
LU-KHS-1/00. Gypseous marl 1 500 1 
LU-KHS-2/88. Silty sandstone to 14 16 621.5 
siltstone. 
LU-KHS-3/88. Fine sandstone to 19 30 1491.5 
siltstone and shale. 
LU-KHS-4/88. Shale 20 265 1756.0 
LU-KHS-5/88. Fine sandstone to 25 102 2361.5 
siltstone. 
LU-KHS-6/88. Fine sandstone to 29 35 2876.5 
siltstone. 
LU-KHS-7/88. Dolomitic sandstone 31 110 3156.5 
to silty dolomitic. 
LU-KHS-8/88. Sandstone to fine 30 205 3867.5 
siltstone 
LU-KHS-9/88. Dolomitic siltstone 38 205 4071.5 
to silty dolomite. 
LU-KHS-10/88. Shale 41 67 4515.5 
LU-KHS-11/88. Dolomitic 45 100 4861.5 
Sandstone 
LU-KHS-12/88. Dolomitic sandstone 46 600 5461.5 
LU-KHS-13/88. Clay/shale 47 530 5991.5 
LU-KHS-14A/88. Fine sandstone to 49 323 6464.5 
silty sandstone to 
silty dolomite & 
shale. 
LU-KHS-14/88. Dolomitic siltstone 50 46 6510.5 
to fine sandstone. 
LU-KHS-15/88. Dolomitic sandstone 51 454 6964.5 
and shale. 
LU-KHS-16/88. Sandstone 52 204 7168.0 
LU-KHS-17/88. Sandstone 94 40 9325.5 
LU-KHS-18/88. Sandstone 112 69 9898.5 
LU-KHS-19/88. Sandstone 139 46 10858.5 
LU-KHS-20/88. Sandstone 197 60 12396.5 
LU-KHS-21/88. Sandstone 214 120 13683.5 
LU-KHS-22/88. Sandstone 215 530 14213.5 
LU-KHS-23/88. Sandstone 210 966 16019.5 
LU-KHS-24/88. Sandstone 219 600 16619.5 
LU-KHS-24/88 Sandstone 220 780 17399.5 
LU-KHS-25/88. Sandstone 221 200 17599.5 


Table: 2.1.2. DESCRIPTION OF SAMPLES FROM KHEWRA SANDSTONE 
EXPOSED AT LUDWAH HILLS NEAR JALALPUR 


LU-KHS-1/88 

GYPSEOUS MARL: Brownish red to purple red, weathered, soft, fine grained, poorly 
bedded, slumped, clayey, marly, 60% clay, 20% siltstone, 20% probably carbonate minerals, 
gives effervescence with dilute HCL, poorly porous. 


LU-KHS-2/88 

SILTY SANDSTONE TO SILTSTONE: Purple red to red, weathered, medium hard, fine 
grained, highly calcareous, marly, micaceous, 80% siltstone to fine sandstone, 20% 
calcareous, impervious. 


LU-KHS-3/88 
FINE SANDSTONE TO SILTSTONE: Same as sample No.LU-KHS-2/88 


SHALE: Purple red to red, weathers same, medium hard to soft, thinly bedded, highly 
calcareous, 80% shale, 20% siltstone, gives effervescence with dilute HCL, impervious. 


LU-KHS-4/88 

SHALE: Purple red to red, weathers same, medium hard to soft, fine grained, silty, 
calcareous, marly, 80% clay, 20% silt and carbonate material, gives effervescence with dilute 
HCL, impervious. 


LU-KHS-5/88 

FINE SANDSTONE TO SILTSTONE: Whitish grey to light grey, weathers to greenish 
brown, medium hard to hard, fine grained, silty, lecticular bedded, cross bedded, calcareous, 
dolomitic, 60% siltstone to fine sandstone, 30% silty clay, 10% carbonate minerals, gives 
effervescence with dilute HCL, poorly porous, porosity blocked due to the clay and carbonate 
minerals. 


LU-KHS-6/88 

SANDSTONE TO SILTSTONE: Light brown to brown and greenish grey, weathers brown, 
medium hard to hard, lenticluar bedded, bross bedded, calcareous, concretionary, 60% 
siltstone to fine sandstone, 30% silty calcareous clay. 10% carbonate minerals, gives 
effervescence with dilute HCL, poorly porous, porosity blocked by the clay and carbonate 
materials. 


LU-KU-7/88 

DOLOMITIC SANDSTONE TO SILTY DOLOMITE: Light grey to greenish grey, weathers 
grayish brown, medium hard to hard, fine grained to finely crystalline, grain angular to 
subangular to subrounded, lenticular bedded, thin to medium bedded, cross bedded, 
bioturbated, broken parts of the animals most likely of trilobites of Cambrian age, 60% fine 
sandstone to siltstone, 30% Carbonate minerals probably dolomite, 10%silty clay to 
calcareous clay, poorly porous, gives effervescence with dilute HCL, porosity blocked by 
carbonate and clay material. 


LU-KHS-8/88 

SANDSTONE TO FINE SILTSTONE: Purple red to red, weathers same, medium hard, 
fine grained, grains subangular to subrounded, cross bedded, lenticular bedded, thinly 
bedded, impressions of animal tracks observed, animal tracks appear to be probably the 
tracks of trilobites, the tracks are distinguished and provide evidence of animal activity 
during the deposition of Khewra Sandstone, 80% siltstone to fine sandstone, 20% silty 
calcareous clay, gives effervescence with dilute HCL, and poorly porous. 


LU-KHS-9/88 

DOLOMITIC SILTSTONE TO SILTY DOLOMITE: Light greenish gray to grey, 
weathers brown, medium brown medium hard to hard, fine grained to finely crystalline, 
lenticular bedded, cross bedded, concretionary, heavy, displays probable bioturbation, 
bioturbation could be due to annelids type of animal, 60% sandstone to siltstone, 30% 
carbonate minerals, 10% silty clay, gives effervescence with dilute HCL, impervious, 
porosity blocked due to clay and carbonate minerals. 


LU-KHS-10/88 
SHALE: Purple to brown, weathers same, medium hard to soft, poorly bedded, 
calcareous, gives effervescence, 80% clay, 20% silt, poorly porous. 


LU-KHS-11/88 

DOLOMITIC SNADSTONE: Brownish grey to grey, weathers brown, medium hard to 
hard, fine grained, finely crystalline, micaceous, concretionary, lenticular bedded, cross 
bedded, 60% siltstone to fine sandstone, 20% silty clay and 20% carbonate material, 
gives effervescence, poorly porous, porosity blocked due to clay and carbonate materials. 


LU-KHS-12/88 
DOLOMITIC SANDSTONE: Same as sample No.LU_KHS-11/88.but more weathered 
and more micaceous. 


LU-KHS-13/88 

CLAY/SHALE: Purple brown to brown, weathers same, soft, very fine grained, silty, 
calcareous, poorly bedded, beds distorted, slumped, 80% clay, 10% silt, 10% carbonate 
material, calcareous, impervious. 


LU-KHS-14A/88 

FINE SANDSTONE TO SANDSTONE TO SILTY DOLOMITE: Greenish grey to grey, 
weathers to brown, medium hard to hard, fine grained to finely crystalline, lenticular 
bedded, cross bedded, micaceous at bedding surfaces, 60% silty sandstone to silt, 30% 
carbonate minerals, 10% clay minerals, calcareous, poorly porous, fractured, 
concretionary. 


SHALE: Light brown to brown, weathers same, thinly bedded to poorly bedded, 
calcareous, marly, 90% clay/shale, 10% silt, impervious. 


LU-KHS-15/88 

DOLOMITIC SANDSTONE: Greenish grey to brownish grey, weathers grayish brown, 
medium hard to hard, fine grained to finely crystalline, lenticular bedded, cross bedded, 
concretionary, 60% silty sandstone to sandy silt, 30% carbonate material, 10% clay, 
calcareous, impervious, porosity blocked due to carbonate and clay material, diagenetic 
pores observed due to dissolution of original carbonate or algal material. 


SHALE: Purple brown to greenish brown, medium hard to soft, weathers same, fine 
grained, poorly bedded, silty, calcareous, impervious, marly, 80% clay, 15% silt, 5% 
carbonate minerals. 


LU-KHS-16/88 

SANDSTONE: Light brown to grayish brown, weathers dark grey, medium hard, fine 
grained, thin to medium bedded, cross bedded, lenticular bedded, 100% fine sandstone, 
fairly porous, micaceous at bedding surfaces, calcareous. 


LU-KHS-17/88 

SANDSTONE: Light brown to dark brown, medium hard to friable, fine grained, grains 
subangular to subrounded, micacaous, thinly bedded, cross bedded, calcareous, 100% 
sandstone, fairly porous. 


LU-KHS-18/88 

SANDSTONE: Dark brown to brown, weathers grey to brownish grey, medium hard to 
friable, fine grained, micaceous, calcareous, fairly porous, thinly bedded, lenticular 
bedded, cross bedded, 100% silty sandstone. 


LU-KHS-19/88 

SANDSTONE: Dark brown to brown, weathers grey, medium hard to friable, fine 
grained, cross bedded, lenticular bedded, fragments of shaly material observed most 
probably due to brecciation, calcareous, farily porous, 90% silty sandstone, 10% silty 
shale, fractured, fractures along the bedding planes, diagenetic pores along the bedding 
surfaces observed. 


LU-KHS-20/88 

SANDSTONE: Light brown to whitish brown, weathers grey, fine grained, medium hard 
to friable, thinly bedded, cross bedded, lenticular bedded, calcareous, 100% silty 
sandstone, fairly porous. 


LU-KHS-21/88 

SANDSTONE: Light brown to yellowish brown, weathers greysih brown, medium hard 
to friable, micaceous, more mica at bedding surfaces, coarse grained, calcareous, 
lenticular bedded, concretionary, alternation of yellowish to whitish bands due to various 
minerals, cross bedded, highly porous 100% sandstone. 


LU-KHS-22/88 

SANDSTONE: Light brown to brown, weathers dark grey, medium hard to friable, fine 
to medium grained, calcareous, 100% silty sandstone to medium grained sandstone, 
highly porous. 


LU-KHS-23/88 

SANDSTONE: Light brown to brown, weathers whitish grey, fine to medium grained, 
cross bedded, lenticular bedded, slightly calcareous, 100% silty sandstone to medium 
grained sandstone, highly porous. 


LU-KHS-24/88 

SANDSTONE: Cherry red to yellow white, weathers grey, friable to medium hard, 
medium to fine grained, cross bedded, lenticular bedded, concretionary, limonitic, 
ferruginous, occasional coarse grained, may be called glass sand, non calcareous, 100% 
sandstone, highly porous, porosity more than 30%. 


LU-KHS-25/88 

CONGLOMERATE TO SANDSTONE: Yellowish white to dirty white, weathers dark 
grey, medium hard to friable, medium to coarse grained, coarse grains include gravels 
and pebbles of Quartz, cross bedded, lenticular bedded, concretionary, fragments of clay 
and sandy material present, like conglomeratic material, 100% sandstone to 
conglomerate, yellowish oolitic materials give high porosity. 


TABLE: 2.1.3. ©THE TABLE SHOWS THE FIELD PERCENTAGES OF SANDS, SHALES WITH SAND 
SHALE RATIOS OF THE KHEWRA SANDSTONE EXPOSED AT LUDWAH HILLS. 


MAJOR THICKNESS FIELD PERCENTAGE ACTUAL ACTUAL SAND- 
BED NO. OF BED SHALE SAND SAND (CM) SHALE SHALE 
(CM) (CM) RATIO 
1 500 80 20 100 400 0.25 
2 2.5 : 100 25 : 0.00 
3 6 30 70 4.20 1.80 0.2333 
4 8 90 10 0.80 7.20 0.1111 
5 7 10 90 6.30 0.70 9.00 
6 9 5 95 8.55 0.45 19.00 
7 8 5 95 7.60 0.40 19.00 
8 6 5 95 5.70 0.30 19.00 
9 10 50 50 5.00 5.00 1.000 
10 8 50 50 4.00 4.00 1.000 
U1 19 : 100 19.00 : 0.000 
12 10 : 100 10.00 : 0.000 
13 12 15 85 10.20 1.80 2.125 
14 16 50 50 8.00 8.00 1.00 
15 500 90 10 50.00 450.00 0.1111 
16 70 80 20 14.00 56.00 0.25 
17 100 60 40 40.00 60.00 0.6666 
18 170 90 10 17.00 153.00 0.1111 
19 30 90 10 3.00 27.00 0.1111 
20 265 90 10 26.50 238.50 0.1111 
21 245 85 15 36.75 208.25 0.1764 
22 160 95 5 8.00 152.00 0.0526 
23 22 2 98 21.56 0.44 49.000 
24 16 95 5 3.00 72.20 0.0526 
25 102 90 10 10.20 91.80 O1111 
26 40 90 10 4.00 36.00 0.1111 
27 400 60 40 160.00 240.00 0.6666 
28 40 50 50 20.00 20.00 1.000 
29 35 50 50 17.50 17.50 1.000 
30 170 70 30 51.00 119.00 0.428 
31 110 15 85 93.50 16.50 5.666 
oe 213 80 20 42.60 170.40 0.25 
Be 100 90 10 10.00 90.00 0.1111 
34 20 20 80 16.00 4.00 4.000 
35 55 60 40 22.00 33.00 0.6666 
36 220 75 25 55.00 165.00 0.3333 
37 102 80 20 20.40 81.60 0.2500 
38 205 80 20 41.00 164.00 0.2500 
39 140 50 50 70.00 70.00 1.000 
40 237 70 30 71.10 165.90 0.4285 
41 67 50 50 33.50 33.50 1.000 
42 55 : 100 55.00 : 0.000 
43 35 98 2 0.70 34,30 0.0204 
44 156 2 98 152.88 3.12 49.000 
45 100 75 25 25.00 75.00 0.3333 
46 600 5 95 570.00 30.00 19.000 
47 530 90 10 53.00 477.00 0.1111 
48 150 : 100 150.00 : 0.0000 
49 323 90 10 32.30 290.70 0.1111 
50 46 2 98 45.08 0.92 49.000 
51 454 91 9 40.86 413.14 0.09890 


UNIT- B. 


52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 


100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 


110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
UNIT- C. 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 


150 


100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


150 


0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 


0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 


168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
2A 7 
218 
219 
220 
221 


100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 


SUMMARY OF TABLE 2.1.3. 


UNITS | THICKNESS ACTUAL FIELD SAND/SHALE 
OF UNITS’ | THICKNESS SAND | PERCENTAGES RATIO 
SHALE SAND SHALE 
(cm) (cm) (cm) 

A 6964.50 2275.08 | 4689.42 32.67 67.33 0.485 

B 6719.00 6719.00 - 100.00 - 0.000 

C 3916.00 3916.00 = 100.00 : 0.000 
Fm 17599.50 | 12910.08 | 4689.42 73.35 26.60 2.753 


TABLE:2.1.4. GENERAL LITHOLOGY OF THE MAJOR BEDS AND SAMPLES OBTAINED FROM THE 


KHEWRA SANDSTONE EXPOSED AT LUDWAH HILLS NESAR JALALPUR. 


THICKN MAJOR NICRO SAMPLE MAIN GENERAL LITHOLOGY APPROXIMATE 
ESS BEDS BEDS LU-KHS LITHOLOGY PERCENTAGES 
MAJOR 
BEDS 
(CM) 
UNIT — A. 
500 1 50 1/88. Cypseous marl — Shale/mar! intercalated Shale 80%, 
sandstone/siltstone. Siltstone/sandstone 20%. 
2.5 2 1 - - Sandstone brown and purple Sandstone 100%. 
clour. 
6 3 3 - - Thinly bedded shale interbedded Sandstone 70%,shale 30%. 
with thin sandstone. 
8 4 2 - - Thinly bedded shale intercalating Sandstone 10%, shale 
sandstone. 90%. 
7 5 2 - - Sandstone and shale interbedded Sandstone 90%,shale 10%. 
with each other. 
9 6 2 - - Interbedded sandstone and shale. Sandstone 95%, shale 5%. 
8 7 2 - - Sandstone with intercalated Sandstone 95%, shale 5%. 
shale. 
6 8 2 - - Interbedded sandstone and shale. Sandstone 95%, shale 5%. 
0 9 1 - - Sandstone. Sandstone 100%. 
8 10 2 - - Thinly bedded sandstone inter- Sandstone 50%, shale 
bedded shale. 50%. 
9 11 1 - - Thinly bedded sandstone. Sandstone 100%. 
0 12 2 - - Thinly bedded sandstone with Sandstone 99%, shale 1%. 
intercalated minor shale. 
2 13 2 - - Sandstone interbedded with Sandstone 85%, shale 
shale. 15%. 
6 14 2 2/88, Silty Sandstone/siltstone and shale Sandstone 50%, shale 
sandstone.to interbedded together, 50%. 
siltstone 
500 15 3 - - Shale interbedded with thin Sandstone 10%, Shale 
sandstone. 90%. 
70 16 3 - - Shale intercalated thin sandstone. Sandstone 20%. Shale 
80%. 
100 17 10 - - Sandstone and shale interbedded Shale 60%, sandstone 
together. 40%. 
170 18 18 - - Shale with intercalated thin Sandstone 10%, shale 
sandstone. 90%. 
30 19 3 3/88, Fine sandstone Sand and shale interbedded Sandstone 10%, shale 
to siltstone together. 90%. 
and shale. 
265 20 30 4/88, Shale, Shale interbedded with thin Sandstone 10%, shale 
sandstone. 90%. 
245 21 25 - - Shale and sandstone interbedded Sandstone 15%, Shale 85% 
with each other, 
160 22 12 - - Shale intercalated with thin Sandstone 5%, Shale 95%. 
sandstone. 
22 23 3 - - Interbedded sandstone and shale. Sandstone 98%, shale 2%. 
76 24 3 - - Shale and sandstone interbedded. Sandstone 5%, Shale 95%. 
102 25 15 5/88. Fine sandstone Shale intercalated with Sandstone 10%, shale 
to siltstone. sandstone. 90%. 
40 26 5 - - Interbedded shale and sandstone Shale 90%, sandstone 
10%. 
400 27 20 - - Interbedded shale and sandstone. Sandstone 40%, shale 
60%. 
40 28 5 - - Interbedded shale and sandstone. Sandstone 50%, shale 
50%. 
35 29 3 6/88. Fine sandstone _—_Interbedded shale and sandstone Sandstone 50%, shale 
to siltstone. 50%. 
170 30 10 - - Interbedded shale and sandstone Sandstone 30%, shale 
70%. 
110 31 10 7/88. Dolomitic Thin shale intercalated with Sandstone 85%, shale 
sandstone to sandstone. 15%. 
sandy 
dolomite. 


213 


100 


20 


35 


220 


102 


205 


140 


237 


670 


55 
35 


156 


100 


600 


530 


150 
323 


46 


32 


33 


50 


51 


15 


17 


26 


12 


50 


14/88 


15/88 


Sandstone to 
fine siltstone. 
Dolomitic 
siltstone to 
silty dolomite. 


Shale. 


Dolomitic 
sandstone. 
Dolomitic 
sandstone 
Clay/shale. 


Shale & fine 
sandstone to 
silty sand- 
stone to silty 
dolomite. 
Dolomitic 
siltstone to 
fine sandstone. 
Shale and 
dolomitic 
sandstone. 


Sandstone 
Sandstone 


Thin shale intercalated 
sandstone. 

Thin sandstone interbedded with 
shale. 

Interbedded shale and sandstone, 


Interbedded sandstone and shale. 


Interbedded sandstone andshale. 


Thin sandstone intercalated with 
shale. 
Thin sandstone interbedded with 
shale. 
Interbedded shale and sandstone. 


Interbedded shale and sandstone. 


Shale interbedded with 
sandstone. 

Grey coloured sandstone. 

Thin sandstone intercalated with 
shale. 

Very thin shale intercalated with 
sandstone. 

Thin shale intercalated- 
sandstone. 

Thin shales interbedded with 
sand-stone. 

Thinly bedded shale and 
sandstone interbedded with each 
other. 

Sandstone. 

Thin shale intercalated with 
sandstone. 


Thinly bedded 
siltstone/sandstone interbedded 
with shale. 

Thin sandstone interbedded with 
Shale 


Thinly bedded sandstone. 


Sandstone 80%, shale 
20%. 

Sandstone 10%, shale 
90%. 
Sandstone 80%, shale 
20%. 
Sandstone 40%, shale 
60%. 


Sandstone 25%, shale 
75%. 
Sandstone 20%, shale 
80%. 
Sandstone 15%, shale 
85%. 
Sandstone 50%, shale 
50%. 


Sandstone 30%, shale 
70%. 

Sandstone 50%, shale 
50%. 

Sandstone 100%. 


Sandstone 2%, shale 98%. 


Sandstone 98%, shale 2%. 


Sandstone 25%, shale 
75%. 


Sandstone 95%, shale 5%. 


Sandstone 10%, Shale 
90%. 


Sandstone 100%. 
Sandstone 90%, shale 
10%. 


Siltstone/sandstone shale 


2%. 


Sandstone 9%, shale 91%. 


Sandstone 100%. 


ee ee ee 


ee ee ee 


120 
530 


400 
440 
966 
600 


780 
200 


214 
215 


216 
217 
218 
219 


220 
221 


Sandstone. - 


Cross bedded 

and lenticular bedded. 
Lenticular bedded and cross 
bedded sandstone. 

Cross bedded sandstone. 
Highly cross bedded sandstone. 
Cross bedded and Ienticular 
bedded sandstone. 


Highly cross bedded sands tone. 


Cross bedded sandstone. 


Sandstone 100%. 


PT.F-3/20.DISPLAYS THE CONTACT BETWEEN THE LOWER SHALY UNIT A AND THE UPPER SANDY 
UNIT B OF THE KHEWRA SANDSTONE EXPOSED AT LUDWAH HILLS.THE WHITE CARBONATE BANDS 
IN THE LOWER UNIT MAY BE NOTICED IN THE PHOTOGRAPH. 


Pt.F-3/21.DISPLAYS THE CONTACT BETWEEN THE LOWER SHALY UNIT A AND THE UPPER SANDY 
UNIT B OF THE KHEWRA SANDSTONE EXPOSED AT LUDWAH HILLS.THE WHITE CARBONATE BANDS 
IN THE LOWER UNIT MAY BE NOTICED IN THE PHOTOGRAPH. 


2.11. THE PETROGRAPHIC STUDIES OF THE KHEWRA SANDSTONE 
EXPOSED AT LUDWAH HILLS 


2.11.1 INTRODUCTION: 


The Petrographic studies of the Khewra sandstone were carried out to understand the 
detailed mineral composition of the Khewra Sandstone and to know the relations of the 
cement, pore and grains for a clear understanding of the diagnetic and burial history of the 
Khewra Sandstone. About 8 samples were studied for the petrographic studies of the Khewra 
Sandstone from Ludwah hills. The thin sections were studied under a polarizing microscope 
to identify the minerals after the recognition of their optical properties. Figure 2.11.1A shows 
the lithological log of the formation with the stratigraphic locations of the samples studied. 


2.11.2 METHODS OF INVESTIGATION: 


Thin sections were prepared according to the procedure given by Kerr (1959).All thin 
sections were studied under the optical microscope. The photographs were taken to 
understand the clear structural relations of grains to each other. According to Selley (1976), 
physical maturity (Mp), chemical maturity (Mc) & net maturity (Mn) are calculated by 
utilizing the formulae given in section 1.ii. 


2.11.3 RESULTS: 
i. DETAILED DESCRIPTION OF INDIVIDUAL SAMPLES: 


About eight samples were studied to investigate the petrographic details of the 
Khewra Sandstone and to classify the sandstone after investigating its mineral composition as 
the petrographic classification leads to know the genesis and types of depositional basins. 
Table 2.11.1 gives the general minerals percentages of the Khewra Sandstone. The brief 
description of the individual sample is as follows: 


1. LU-KHS-5/88: 

This sample displays mainly subrounded to subangular quartz (46%) with some 
feldspar (2%).Iron oxides and glauconite also occur as grains. The mica flakes can also be 
seen and carbonates clay minerals like chlorite and iron oxides from the cementing material 
(52%).The carbonates, iron oxides and some clays appear to be of diagneteic origin. The 
sample indicates low porosity. 


Plates 27 and 28 show a micaceous sandstone with mica flakes. The quartz grains 
appear to be subround to subangular and mono-crystalline. The matrix includes mainly iron 
oxides calcite and clays. The clay flakes appear to be oriented in a direction of bedding 
planes. The micas are mainly biotite and muscovite. Plates 29 and 30 provide further 
orientation and clear vision of the mica flakes. Plates 31 and 32 show the mono-crystalline 
quartz grains surrounded by iron oxides, clay and calcite. The mica flakes are also 
distinguished as they are oriented in the same direction. 
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Fig.2.2i1A: The figure shows lithlogical 
log of the Khewra Sandstone exposed at 
Ludwah Hill and loeation of the samples. 


SCALE 


PLATE-28. 


PHOTOGRAPHS (XPL AND PPL) SHOW SUB-ROUNDED TO SUB-ANGULAR AND MONOCRYSTALLINE 
QUARTZ GRAINS.THE MATRIX AMONG QUARTZ GRAINS SHOWS IRON OXIDES, CLAY MINERALS 
AND CALCITIC MATERIAL.THE CALCITIC MATERIAL SHOWS BROWNISH BLACK (IN PPL) AND PINK, 
BROWN AND GREEN INTERFERENCE COLOUR (IN XPL).PHOTOGRAPHS ALSO SHOW PARALLEL MICA 
FLAKES TO THE BEDDING AND IN THE CENTRE OF THE PHOTOGRPAHS A LARGE FLAKE OF MICA IS 
ALSO SEEN.XPL PHOTO ALSO SHOWS PORE SPACES. 


PLATE-30. 


PHOTOGRPAHS (PPL AND XPL) SHOW SUB-ROUNDED TO SUB-ANGULAR, MONOCCRYSTALLINE 
QUARTZ GRAINS.THE MATRIX AMONG GRAINS SHOWS IRON OXIDES, CLAY MINERLAS AND 
CALCITE MINERALS.THE CALCITE SHOWS BROWN, PINK AND GREEN INTERFERENCE COLOURS.THE 
PHOTOGRPAHS ALSO SHOW MICA FLAKES WHICH SHOW BROWNISH BLACK (IN PPL) AND BROWN, 
PINK AND GREEN INTERFERENCE COLOURS (IN XPL).THE FLAKES ARE PARALLEL TO THE BEDDING 
PLANES OF THE ROCK AND IT APPEARS THAT THE MICA HAS ORIENTED ITSELF PARALLEL TO THE 
BEDDING. 
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PLATE-31. 


PLATE-32. 


PHOTOGRAPHS (XPLAND PPL) SHOW SUB-ROUNDED TO SUB-ANGULAR MONOCRYSTALLINE QUARTZ 
GRAINS.THE MATRIX AMONG QUARTZ GRAINS SHOWS OPAQUE IRON OXIDES.CLAY MINERALS AND 
CALCITE.THE CALCITE MINERALS SHOW PINK, BROWN AND GREEN INTERFERENCE COLOURS 
(XPL). THE NOTICEABLE FEATURE IS THE PRESENCE OF MICA FLAKES WHICH ARE PARALLEL TO THE 
BEDDING PLANES OF THE ROCK.THE MICA FLAKES SHOW BROWNISH BLACK (PPL) AND BROWN, PINK 
AND GREEN INTERFERENCE COLOURS (XPL).PHOTOGRAPHS SHOW TYPICAL MICACEOUS 
SANDSTONE. 


<a 


2. LU-KHS-6/88: 
This sample shows mainly quartz (55%), some feldspar (1%), iron oxides, carbonates, and 
clay minerals. Clays iron oxides and carbonates form the cementing materials (44%). The 
carbonates, iron oxides and some clays appear to be of diagenetic origin. The sample 
indicates high porosity. 


Plates 25 and 26 show comparatively coarser grains of quartz with subangular to sub- 
rounded boundaries. The boundaries are coated with iron oxides, clay minerals and calcite. 
The quartz grains also display crackes and indicate the action of pressures acted on the 
formation. The porosity is high as indicated in the sample. 


3. LU-KHS-7/88: 

This sample displays mainly quartz (24%), feldspar (1%), iron oxides, carbonates and clay 
minerals like chlorite. The clay minerals, carbonates and iron oxides appear to be of 
diagenetic origin and form the cement (75%).The grains of iron oxides and glauconite can 
also be seen. The sample indicates a low porosity. 


Plates 23 and 24 show surrounded to sub-angular grains of quartz, surrounded by iron 
oxides, clays and carbonates. These figures also display clear grains of magnetite in ppl. The 
flakes of mica are randomly oriented. 


4. LU-KHS-8/88: 

This sample displays mainly quartz (30%), iron oxides, mica flakes, carbonates and 
clay minerals. The carbonates, iron oxides and clay appear to be of diagenetic origin and 
form the cementing materials (70%).The grains of glauconite can also be seen. The sample 
indicates a medium porosity. The pores are generally interconnected. The diagenetic cement 
has replaced the pore spaces and fracture spaces and is responsible for the decrease of 
porosity in this sample. 


3, LU-KHS-9/88: 

This sample shows mainly quartz (36%), iron oxides, mica flakes, carbonates and 
clay minerals. The carbonates, iron oxides and clay appear to be of diagenetic origin and 
form the cement (64%).The glauconite grains can also be seen. The sample indicates a low 
porosity. 


Plate 9 shows mica flakes and iron oxides. The iron oxides appear as coating the 
grains of the quartz. Plate 10 shows the cracks filled with clayey material, most likely, the 
chlorite calcite and iron, oxides. Plate 7 shows carbonates, replacing quartz. The iron oxides 
also appear surrounding the quartz grains. Similarly Plates 6 and 8 show the replacement of 
quartz by carbonate minerals, mostly calcite and occasionally dolomite. 


6. LU-KH-11/88: 

This sample displays mainly quartz (39%), feldspar (1%), iron oxides, few mica flakes, 
carbonates and clay minerals. The iron oxides, mica flakes, carbonates and clays are present 
in the form of cement (60%).The cementing material appear to be of diagenetic origin. The 
grains of glauconite can also be seen. The sample indicates low porosity. 


PLATE-26. 


THE PHOTOGRPHS (PPL AND XPL) SHOW SUB-ROUNDED TO SUB-ANGULAR, MONOCRYSTALLINE 
AND FRACTURED QUARTZ GRAINS.THE MATRIX AMONG GRAINS IS OPAQUE IRON OXIDES, CLAY 
MINERALS AND CALCITE.THE CALCITE SHOWS BROWN, PINK AND GREEN INTERFERENCE COLOURS 
(XPL).THE SAMPLE IS HIGHLY POROUS AS INDICATED BY BLACK SPACE OF XPL PHOTOGRAPH. 
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PLATE-24. 


PLATES (PPL AND XPL) SHOW FINE GRAINED, MONOCRYSTALLINE AND SUB-ROUNDED TO SUB- 
ANGULAR QUARTZ GRAINS. THE MATRIX AMONG THE GRAINS SHOWS OPAQUE IRON OXIDES, CLAY 
MINERLAS AND CALCITE MINERALS. THE CALCITE SHOWS PINK, BROWN AND GREEN 
INTERFERENCE COLOURS.XPL PHOTOGRAPH SHOWS PORE SPACES (POROSITY). 


PLATE-9. 


PLATE-9.PLATE (XPL) SHOWS ABUNDANT MATRIX IN THE FORM OF CARBONATE, OPAQUE IRON 
OXIDES AND CLAY MINERALS. THE CARBONATES, CALCITE AND DOLOMITE, SHOW BROWN, PINK 
AND GREEN INTERFERENCE COLOURS. PLATE SHOWS SUB-ROUNDED TO SUB-ANGULAR 
MONOCRYSTALLINE QUARTZ GRAINS. QUARTZ IS BEING REPLACED BY CARBONATES. 


PLATE-10. 


PLATE (PPL) SHOWS SUBROUNDED TO SUB-ANGULAR, MONOCRYSTELLINE QUARTZ GRAINS AND 
THEIR BOUNDARIES ARE COATED BY OPAQUE AND AMORPHOUS IRON OXIDES.THE CLAY 
MINERALS AND CALCITE ARE ALSO PRESENT.THE LOWER PLATE DISPLAYS A SUTURE/FRACTURE 
FILLED WITH IRON OXIDES. 


PLATE-8. 


PLATES SHOW SUB-ROUNDED TO SUB-ANGULAR MONOCRYSTALLINE QUARTZ GRAINS.THE 
MATRIX AMONG QUARTZ GRAINS SHOWS OPAQUE IRON OXIDES, CLAY MINERALS AND 
CARBONATES (CALCITE AND DOLOMITE).THE CARBONATE MINERLAS SHOW BROWN, PINK AND 
GREEN INTERFERENCE COLOURS. THE MOST NOTICEABLE FEATURE OF THE XPL PLATE IS THAT 
THE QUARTZ MINERALS ARE BEING REPLACED BY CARBONATE MINERALS.BLACK SPACES (IN XPL) 
PARTLY SHOW PORE SPACES. 


PLATE — 18. 


PLATES SHOW SUB-ROUNDED TO SUBANGULAR QUARTZ GRAINS WHICH ARE GENERALLY 
MONOCRYSTALLINE. THE MATRIX AMONG THE GRAINS SHOWS OPAQUE IRON OXIDS, CLAY AND 
CARBONATES MINERALS (CALCITE AND DOLOMITE). THE CARBONATES SHOW BROWN, PINK AND 
GREEN INTERFERENCE COLOURS. XPL PLATE, IN THE CENTRE, SHOWS A GRAIN OF PLAGIOCLASE 
FELDSPAR (LABRADORITE). 


PLATE-20. 


PLATES (PPL AND XPL) SHOW SUB-ROUNDED TO SUB-ANGULAR. MONOCRYSTALLINE QUARTZ 
GRAINS.THE MATRIX AMONG THE GRAINS SHOWS OPAQUE IRON OXIDES, CLAY AND CARBONTE 
(CALCITE AND DOLOMITE MINERALS. THE QUARTZ BOUNDARIES ARE COATED BY REDDISH BROWN 
AND BROWNISH BLACK IRON OXIDES. THE CARBONATES SHOW BROWN PINK AND GREEN 
INTERFERENCE COLOURS. 


Plates 17 and 18 show very clear grains of the plagioclase feldspars with typical 
twining of the plagioclases. The grains of magnetite can also be observed. Plates 21 and 
22 also display quartz grains with feldspars. The feldspar appears to be plagioclase in the 
center of the photograph. 


qs LU-KHS-12/88 

This sample shows mainly quartz (15%), feldspar (2%) iron oxide, mica flakes, 
carbonates and clay minerals, like chlorite. The iron oxides, mica, carbonates & clay 
minerals form the cement (83%).The grains of glaluconite can also be seen. The 
cementing materials appear to be of diagenetic origin. The sample indicates low porosity. 


8. LU-KHS-14A/88 

This sample displays mainly quartz (45%), feldspar (1%), iron oxides, few mica 
flakes,. Carbonates and clay mineral like chlorite. The iron oxides, mica, carbonates & 
clays form the cementing material (54%).The cementing materials appear to be of 
diagenetic origin. The sample indicates low porosity. 


Plates 11 and 12 display the replacement of quartz by the carbonate material. The 
grains of magnetite can also be observed in PPL. The grains of magnetite can also be 
observed in PPL.The grains of quartz are sub-rounded to angular. The diagenetic cement 
has blocked the porosity of the sandstone. Plates 15 and 16 show very clear crystal of 
magnetite in the center of the plate. Plates 13 and 14 also show replacement of quartz by 
calcite. 


2.11.4 DIAGENESIS AND POROSITY: 


The porosity of the Khewra Sandstone exposed at the Ludwah hills increases 
towards the top of the formation. It is very low in unit A with the exception of a few 
horizons. It is medium to high in unit B and high in unit C as observed in field. The 
porosity is mainly due to the spaces among the grains and may be called as the primary 
porosity. The spaces between the grains are connected through fractures and stylolite. 
The permeability is good in unit C and medium in unit B as discussed in section 2.1.It is 
poor in unit A as the diagenetic solutions have filled the fractures. It is concluded that the 
diagenesis has played a very important role in blocking the pores, specially in the lower 
and middle units. The porosity in unit C and B was developed due to secondary processes 
such as stylolites, fractures etc. and also due to primary arrangements of the grains 
(section 2.1). 
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PLATE-22. 


PLATES (PPL AND XPL) SHOW SUB-ROUNDED TO SUB-ANGULAR AND MONOCRYSTALLINE QUARTZ 
GRAINS.THE MATRIX AMONG THE GRAINS SHOWS IRON OXIDES, CLAY AND CARBONATE 
MINERALS (CALCITE DOLOMITE). THE BOUNDARIES OF GRAINS ARE COATED BY REDDISH BROWN 
AND BROWNISH BLACK IRON OXIDES.THE CARBONATES SHOW BROWN, PINK AND GREEN 
INTERFERENCE COLOURS. IN THE CENTRE OF PLATES, A GRAIN OF PLAGIOLASE FELDSPAR 
(LABRADORITE) CAN BE SEEN. 


PLATE-12. 


PLATES (PPL AND XPL) DISPLAY THE SUBROUNDED TO ANGULAR, MONOCRYSTALLINE QUARTZ 
GRAINS.THE MATRIX AMONG THE GRAINS INDICATES OPAQUE IRON OXIDES, CLAY AND 
CARBONATES (CALCITE AND DOLOMITE). THE CARBONATE MINERALS SHOW BROWN, PINK AND 
GREEN INTERFERENCE COLOURS. QUARTZ MINERALS ARE ALSO BEING REPLACED BY 
CARBONATES.IN THE LOWER LEFT OF XPL PHOTOGRAPH, YELLOW AND BLUE COLOURED MICA 
FLAKES (MUSCOVITE) CAN BE SEEN. PORE SPACES CAN BE SEEN, IN XPL PHOTOGRPAHS, AS PARTLY 
BLACK SPACES. 


PLATE-16. 


PLATES (PPL AND XPL) SHOW MAINLY IRON MINERAL, MAGNETITE, IN THE CENTRE. THE INVISIBLE 
MATERIALS SEEN ARE QUARTZ AND MATRIX. 


PLATE-14. 


PLATES (PPL AND XPL) SHOW SUB-ROUNDED TO SUB-ANGULAR, MONOCRYSTALLINE QUARTZ 
GRAINS. THE MATRIX AMONG THE QUARTZ GAINS SHOWS OPAQUE IRON OXIDES (COATING THEIR 
BOUNDARIES) CLAY AND CARBONATE MINERALS LIKE CALCITE AND DOLOMITE. THE 
CARBONATES SHOW BROWN, PINK AND GREEN INTERFERENCE COLOURS. A NOTICEABLE FEATURE 
OF THE PLATE (XPL) IS THAT THE QUARTZ MINERALS ARE BEING REPLACED BY CALCITE. IN THE 
UPPER LEFT OF PLATE (XPL), A GRAIN OF FELDSPAR CAN BE SEEN. 


2.11.5 CLASSIFICATION AND MATURITY OF THE SANDSTONE: 


The petrographic investigations relating to the composition of the sandstones in 
terms of cement, grains and unstable rock fragments and mineral grains were plotted on 
the triangular diagrams given by Pettijohn (1954), William et al, (1954) and Selley 
(1976) to understand the nature of the Sandstones and to know the diagenetic and 
depositional processes. Figure 2.11.1 shows the triangular plot of the petrographic 
composition of the sandstone after Pettijohn (1954). Three sides of the triangle represent, 
matrix, quartz and feldspar and rock fragments (Table 2.11.1), respectively. The figure 
shows that the Khewra Sandstone can be classified as a greywacke as most of the points 
fall in area D. 


Figure 2.11.2 displays the triangular plot after William et al, (1954) in which 
quartz, feldspar and unstable fine grained rock fragments form the three sides of triangle 
(Table 2.11.1). The figure shows that all points lie in areas B and C which represent lithic 
wackes to sub-felspathic lithic wackes. 


Figure 2.11.3 gives the triangle of Selley (1976) in which most of the points lie in 
area A, reserved for quartz wackes and, therefore, the Khewra Sandstone may be 
classified as quartz wackes (Table 2.11.1). 


Figure 2.11.4 shows the end member triangle in which Mn (net maturity), Mc 
(chemical maturity) and Mp (physical maturity) represent the three corners of the triangle 
given by Selley, (1976) (Table 2.11.3). The triangle shows very high chemical maturity, 
high net maturity and intermediate to low physical maturity. The low physical maturity is 
due to diagenetic cement in the sandstones. 


Figure 2.11.5 shows the triangle with stable grains, matrix and unstable grains 
(Table 2.11.1), representing three corners, respectively (after Selley, 1976). The points lie 
in a direction of increasing chemical maturity. 


The above triangles of Selley (1976) show that the Khewra Sandstone is a 
polycyclic sandstone and was deposited due to erosion of mostly pre-existing 
sedimentary rocks with minor contribution due to metamorphic and igneous rocks. 


2.11.6 DISCUSSION: 


The mineral composition, rock fragments and matrix (cementing material) after 
calculation were plotted on triangles given by Pettijohn (1954) and William et al. (1954). 
Figures 2.11.1 and 2.11.2 provide these triangular plots for the classification of Khewra 
Sandstone from Ludwah hill. According to the results, Khewra Sandstone is found to be a 
greywacke by Pettijohn and lithic to subfelspathic lithic wacke by William et al. Tucker 
(1985)stated that the characteristic feature of graywackes is the fine grained matrix which 
displays an intergrowth of the chlorite, sericite and fine grains of quartz and feldspar. It 
was found that the graywackes are mostly Paleozoic and were associated with 
greenstones of eugeosynclinal fold belts. The fine matrix in Khewra Sandstone is similar 
to the fine matrix stated by Tucker (1985) and may be called a graywackes, but the 


diagenetic contribution in these sandstones needs a thorough review of other workers 
observation. 


Selley (1985) stated that the greywackes are poorly sorted sandstone with 
abundant matrix, feldspar and or rock fragments. Selley (1976) stated that chemically 
immature wackes are the classic graywackes and defined them as texturally immature 
sand with more than 15% matrix. He further stated that the matrix is a microcrystalline 
paste of clay minerals, sericite, chlorite, carbonates and quartz. The grains of the 
graywackes are poorly sorted and are commonly angular, where quartz is overshadowed 
by an abundance of other detrital minerals. According to Selley (1976) micas are 
abundant and included both muscovite and biotite. He stated that the presence of 
authigenic minerals and the corrosion of detrital grains indicates that some of the matrix 
is diagenetic in origin. He further strengthened his point by stating that typical wackes are 
largely Pre-Cambrian and Paleozoic in age. Selley (1976) concluded that due to 
increasing transportation, the quartz wackes lose their clay content with the genesis of a 
rock type which is called subgraywacke and may be found in both fluvial and deltaic 
facies. The Khewra Sandstone exposed at the Ludwah area represents a chemically 
mature sandstone and may be finally called as a quartz wacke of Selley (1976). 


The composition of the sandstones provides the idea about its chemical maturity, 
about its physical maturity and net maturity and, therefore, indicates the cycles of 
sedimentation. The chemically mature sediments are generally polycyclic in origin while 
chemically immature sands generally represent first cycle materials derived from igneous 
and high grade metamorphic rocks. 


The petrographic classification of the sandstones, according to Selley (1976), 
provides the idea about the nature of sandstone and display that these sandstones are 
actually quartz wackes or lithic wackes (Fig 2.11.3). The sandstones are chemically 
mature as the indices fall between 88.24 to 100% (Figure 2.11.4) and display intermediate 
to low trends for physical maturity and high net maturity. The intermediate to low trends 
for the physical maturity of the Khewra Sandstone are due to the presence of diagenetic 
cement found in the Khewra Sandstone after its deposition. The net maturities are the 
resultant maturities. It is, therefore, concluded that Khewra Sandstone was deposited as a 
chemically and physically mature sandstone, and the low to intermediate physical 
maturity is due to the presence of diagenetic minerals. These sandstones are polycyclic 
(eroded sedimentary sandstones) and were transported into the depositional basin after 
traveling reasonable distances through oxidizing conditions and were deposited into 
deltaic environment. The red colour of the sandstone is due to coating of the iron oxide 
on the quartz grains which was partly due to oxidation on the continent and partly due to 
diagenetic solutions rich in the dissolved iron oxides. The sandstones occasionally 
display green colours as well as glauconitic materials. These indicate a wave dominated 
delta area (Selley, (1976). 


The presence of high amount of cementing material in the sandstone is due to the 
presence of diagenetic cement originated due to diagenetic solutions of iron oxides, 
carbonates, finely crystalline silica and some diagenetic clays such as sericite, chlorite 
and the mixed layer clay minerals. It is likely that originally the matrix in sandstones was 
not as high as it is present now and is falsely represented as a greywacke in most of the 
samples. It is, therefore, concluded that petrographically these sandstones were partly 
graywackes of delta front environment and partly deltaic. 


A quick review of the Pre-Cambrian deposits in Salt Range indicates that Pre- 
Cambrian rocks contain mostly evaporites, carbonates, sandstones, marls, shales and 
basalts. The Cambrian, rocks mostly contain deltaic sandstones, turbidite type of facies, 
shoreline facies, intertidal facies and lagoonal facies. A review on the type of sediments 
and basin indicates that the Khewra Sandstone from Ludwah hill was deposited in a basin 
resembling from epicratonic to miogeosyncline. 


2.1.7 SUMMARY AND CONCLUSIONS: 


i, The grains of Khewra Sandstone include mainly quartz grains with some 
feldspars and rock fragments. The cementing materials are carbonates, iron 
oxides and clay minerals with some silica. The cement is mainly diagenetic in 
origin. 


il. The Khewra Sandstone appears to be a greywacke on the triangular plot provided 
by Pettijohn (1954). 


iil. The Petrography of the Khewra Sandstone on the triangular plot of William et al, 
(1954) indicates that these sandstones vary from lithic wackes to sub-felspathic 
lithic wackes. 


Iv. The Khewra Sandstone may be classified as quartz wackes and as a chemically 
matured sandstone according to the classification provided by Selley (1976). 


V. The Khewra Sandstone was deposited as polycyclic sedimentary material into the 
depositional basin. 


Vi. The depositional basin of the Khewra Sandstone may be classified as a basin 
from epicratonic to miogeosyncline. 


TABLE: 2.11.1. THE TABLE PROVIDES THE PERCENTAGES OF MINERALS OF THE KHEWRA 
SANDSTONE EXPOSED AT LUDWAH HILLS, IGNORING POROSITY. 


Thin Section No. LU- % of Quartz % of Matrix % of Feldspar 

KHS- 

5/88 46 52 2 

6/88 55 44 1 

7/88 24 75 1 

8/88 30 70 - 

9/88 36 64 - 

11/88 39 60 1 

12/88 15 83 2 
14A/88 45 54 1 


TABLE: 2.11.2. THE TABLE PROVIDES THE APPROXIMATE POROSITY OF THE SAMPLES OF 
THE KHEWAR SANDSTONE EXPOSED AT LUDWAH HILL. 


Sample No Porosity (%) 
LU-KHS- 


5/88 
6/88 
7/88 
8/88 
9/88 
11/88 
12/88 
14A/88 
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TABLE: 2.11.3. THE TABLE PROVIES THE PHYSICAL, CHEMICAL AND NET MATURITIES OF 
THE KHEWRA SANDSTONE EXPOSED AT LUDWAH HILL. 


Sample No. Physical Chemical Net 

LU-KHS- Maturity (Mp) Maturity (Mc) Maturity (Mn) 
5/88 46.96 95.83 71.39 

6/88 55.56 98.21 76.89 

7/88 24.24 95 59.62 

8/88 30 100 65 

9/88 36 100 68 

11/88 39.39 97.50 68.45 

12/88 15.31 88.24 51.78 

14A/88 45.45 97.87 71.64 
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Fig No:2.ii\The Petrographic Classification ofthe Khewra Sandstone from Ludwah 
( After, Pettijohn 1954). The Khewra Sandstone at Ludwah appears to 
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Fig:213 A classification of the Khewra Sandstone from Ludwah hil] based on the use of clay as an 
indicator of textural maturity and feldspar as an index of chemical maturity (After, 


Sellv 1976). 
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Fig:2..4. End member triangle in which the Khewra Sandstone from Ludwah area is plotted to illustrate its 
maturity indices expressed as the percentage composition of matrix, stable and unstable arains 
(After. Selly 1976) 
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2.11.8 THE X-RAY DIFFRACTION AND NANO-CLAYS STUDIES OF THE 
KHEWRA SANDSTONE EXPOSED AT THE LUDWAH HILLS. 


2.ii.8.1 Introduction 


The clay minerals naturally occur in comparatively smaller grain sizes. The grain sizes of 
different clay minerals are so small that they can only be studied by x-ray diffraction techniques 
and may be called as nano-clays. The x-ray diffraction techniques enable to study the particles of 
clay minerals in microns (10°), nano-size (10°) and even smaller sizes, corresponding to a few 
atoms. For example the thickness of the particles of the clay mineral, montmorillonite is mostly 
around one nanometer. The thicknesses of the particles of the mixed layer clay minerals such as 
montmorillonite -illite are even smaller. Butt and Bashir (2004) provided the general details about 
the studies of nano-particles, their applications and importance of NANO-TECHNOLOGY. They 
stated that the study of materials on nano-scale could help in the development of several useful 
products and identification of natural processes. 


The particles of clay minerals of less than five microns (5) were studied to understand the 
importance of clay minerals in the reservoir of oil, gas and water. The smaller sizes of the clay 
minerals in the natural environments enable them to enter into small pore spaces and to 
completely or partly block the porosity of the oil and gas reservoir rocks. Therefore the study of 
nano-clay minerals was introduced to understand the increase or decrease of porosities in vertical 
and horizontal directions in the Khewra Sandstone. Details for the preparation of oriented clay 
samples for x-ray diffraction analyses and random powders are provided in section 3.ii1. 


2.i1.8.2 Results 


The X-ray diffraction analyses of 25 samples of the Khewra Sandstone from the Ludwah 
area was carried out to understand the general mineralogy and mineral variations or uniformity in 
the Khewra Sandstone from its base to its top. Table 2.iii.1 gives the results interpreted from the 
x-ray diffractograms taken from the powder of the samples. The results indicate that quartz is the 
most dominant mineral in all the samples. Other minerals are calcite, dolomite, feldspars, illite, 
chlorite, mixed layer clay mineral and occasional oxides of iron. The oxides of iron did not give 
their reflections in most of the samples, but the samples display iron oxides in hand specimens. 
The oxides are mostly amorphous materials, and were deposited as a result of diagenesis, due to 
pressure solutions in the later stages of diagenesis. Calcite and dolomite give prominent and 
strong reflections in the samples of units A and B, but their reflections are comparatively weak in 
the samples of the unit C. It indicates that these minerals are present as a cement and have 
diagenetically replaced quartz as observed also by petrographic studies. The cementing material 
decreases from base to the top of the sandstone. The reflections of the feldspars could not be 
properly identified exactly, probably due to impurities in the feldspars due to weathering. The 
mineral illite was observed in all the samples. It is likely that illite is partly diagenetic and partly 
detrital. The illite appears mostly as muscovite but the iron rich illite could also be present as the 
reflections of illite were occasionally observed towards low angle 20 degrees, indicating the 
addition of iron ions and mixing of other clays. The chlorite gave mostly its reflections in the 
samples of units A and B but the samples of unit C .did not give proper reflections of chlorite 
with the exception of very weak reflections in base sample. The chlorite may also occur as a 
cement. Table 2.iii.1 provides the minerals detected in the x-ray diffractograms of the random 
powders from the Ludwah hills area. 


Table: 2.11.1. THE MINERALS DETECTED IN THE X-RAY DIFFRACTOGRAMS OF THE 
RANDOM POWDERS FROM THE LUDWAH HILLS AREA. 


SAMPLES Nos. 


MINERALS DETECTED 


LU 
LU 
LU 
LU 


LU 
LU 


LU 
LU 
LU 
LU 
LU 
LU 
LU 
LU 
LU 
LU 
LU 
LU 
LU 
LU 
LU 
LU 
LU 
LU 
LU 


-KHS-1/88 
-KHS-2/88 
-KHS-3/88 
-KHS-4/88 


-KHS-5/88 
-KHS-6/88 


-KHS-7/88 

-KHS-8/88 

-KHS-9/88 

-KHS-10/88 
-KHS-11/88 
-KHS-12/88 
-KHS-13/88 
-KHS-14/88 
-KHS-15/88 
-KHS-16/88 
-KHS-17/88 
-KHS-18/88 
-KHS-19/88 
-KHS-20/88 
-KHS-21/88 
-KHS-22/88 
-KHS-23/88 
-KHS-24/88 
-KHS-25/88 


Quartz, Dolomite, Chlorite, Illite, Feldspars, Calcite, Gypsum, Salt. 
Quartz, Dolomite, Chlorite, Illite, Calcite, Feldspar, Gypsum. 
Quartz, Calcite, Dolomite, Feldspar, Illite, Chlorite,Gypsum. 
Quartz, Dolomite, Calicite, Feldspars, Illite, Chlorite, Mixed layer, 
Clay mineral. 

Quartz, Dolomite, Calcite, Fedspars, Illite, Chlorite, Gypsum. 
Quartz, Dolomite, Feldspars, Illite, Chlorite, mixed layer clay, 
Calcite. 

Dolomite, Calcite, Quartz, Feldspars, Illite,. 

Quartz, Dolomite, Chlorite, Feldspars, Calcite, Illite. 

Calcite, Dolomite, Quartz, Illite. 

Quartz, Dolomite, Chlorite, Illite, Calcite, Feldspars. 

Calcite, Dolomite, Quartz, Illite, Feldspars. 

Calcite, Quartz, Illite. 

Quartz, Dolomite, Feldspars, Illite, Chlorite, Calcite. 

Quartz, Dolomite, Calcite, Feldspars, Chlorite, Illite. 

Quartz, Illite, Chlorite. 

Quartz, Illite, Calcite, Dolomite. 

Quartz, Feldspars, Illite, Chlorite, Calcite. 

Quartz, Feldspars, Illite, Chlorite, Calcite. 

Quartz, Dolomite, Ilite, Chlorite, Feldspars, Calcite. 

Quartz, Illite, Feldspars, Calcite. 

Quartz, Feldspars, Illite, Calcite. 

Quartz, Feldspars, Illite, Calcite, Oxides of iron. 

Quartz. Feldspars, Illite, Calcite. 

Quartz, Feldspars, Muscovite, (illite). 

Quartz, Feldspars, Illite, (Muscovite). 


21 THE SEDIMENTOLOGICAL STUDIES OF THE KHEWRA SAND- 
STONE EXPOSED AT LUDWAH HILLS. 


2.11.1 ABSTRACTS: 


The sedimentological studies of the Khewra Sandstone exposed at Ludwah were 
carried out to understand the environments of deposition. On this basis, 25 samples were 
collected from the base to the top of the formation to represent the complete stratigraphic 
thickness of the formation. The samples were prepared for the grain size analyses and 
were analysed through sieving and hydrometer methods for the separation of coarser and 
finer fractions, respectively. The histograms of the sand, silt and clay fractions were 
prepared to compare the energy of depositional medium and to understand the uniformity 
of the depositional medium during the deposition of Khewra Sandstone from its base to 
the top. The comparative study of the histograms for the sand, silt and clay fractions 
indicate that the Khewra Sandstone was deposited in a medium with repeatedly uniform 
energy conditions which was interpreted as the fluvio-marine depositional medium. The 
grain size analyses also indicates that the Khewra Sandstone is dominantly a siltstone 
lithological unit and the name Khewra Sandstone may be replaced by the Khewra 
Siltstone on the basis of its dominant silt lithology. Figure 2-iv-1 provides the 
Lithological log of the Khewra Sandstone exposed at Ludwah prepared by using grain 
sizes obtained after Laboratory analyses. Figures 2.iv.2 to 2.1v.4 provide the eeistograms 
plotted for grain sizes of the samfiles from units A,B and C respectively. 


2.11.2 INTRODUCTION: 


The grain size analyses of the Khewra Sandstone was conducted to know the 
textural classification of the Khewra Sandstones and to find out the palaeo-environments 
responsible for the deposition of Khewra Sandstone at Ludwah hills. The grain size 
analyses of the Sandstones generally indicate the palaeo-environments, sorting and 
geometry of the sandstone. 


2.11.3 GEOLOGY OF KHEWRA SANDSTONE AT LUDWAH HILLS: 


The lower unit of the Khewra Sandstone displays a disturbed contact with the 
underlain Salt Range Formation. The Khewra Sandstone exposed at the Ludwah hills 
generally displays dip towards north west and dips vary from 40 to 23. The dip are 
steeper at the base and gradually get gentle towards the top. The Khewra Sandstone at the 
Ludwah hills can be divided into three units, the lower unit or unit A, the middle unit or 
unit B and the upper unit or unit C. The three units A, B and C are 69.64m, 67.19m and 
39.16m thick at Ludwah hills, respectively. The figure 2.iv.1 provides the general 
lithological log and thickness of unit A, B and C. The unit A consists of siltstones and 
display generally graded bedding. The frequency of the silty beds increases toward the 
top and this unit also displays lenticular beds of limestone, cross bedding, ripple marks 
and chemical weathering due to dissolution of carbonate minerals. This unit is thinly 
bedded to laminated with gradually thickening towards the top of the unit. 


<1 


The unit A also displays glauconite and pellets. The Unit B consist of thick to 
medium bedded siltstone and fine sandstone with minor intercalation of the shales. The 
unit is cross bedded and displays coarsening of the grains towards the top of the unit. 
The unit also displays occasional lenticular carbonate beds, chemical weathering and 
purple to whitish grey, fine to medium grained sandstone and siltstone. The unit also 
displays glauconite. The upper unit or top unit C. consists of massive bedded sandstone 
with gradual increase of the grain size toward the top of the unit. This unit is 
unconformably overlain by the Kussak Formation with a two meter thick conglomeratic 
bed at the junction. 


2.11.4 METHODS OF INVESTIGATION: 
i. PREPARATION OF SAMPLES FOR GRAIN SIZE ANALYSES: 


The grain size analyses of the Khewra Sandstone was conducted by disintegrating 
the original rocks into its component particles and by measuring the grain sizes of the 
particles. The grain size separation of the samples of Khewra Sandstone was carried out 
by the following two methods (Griffiths, 1967). (a) The grains in the loosely consolidated 
and friable rocks samples were separated by treating with fingers (b) The hard samples 
were first broken into small fragments with the help of an iron mortar and then small 
fragments were further gently crushed in a porcelain mortar and pestle. The care was 
taken not to damage the grains. The separated grains/particles in each sample were 
compared using binocular microscope with their original samples to gain confidence 
about the grain separation. 


ii. PROCEDURE FOR MEASUREMENT OF GRAIN SIZES: 


Twenty five (25) samples collected from Khewra Sandstone were prepared and 
analysed for grain size analyses using standard sieving and sedimentation techniques 
(Griffith, 1967). In sieving method, about 100 grams of each sample was weighed in an 
electric balance and was introduced into a set of sieves arranged in descending order of 
decreasing coarseness (Table 2.iv.1). The sieves were shaken through automatic electric 
shaker for about 15-25 minutes and the residue in each sieve was weighed and recorded 
as weight percentages of different grain sizes in each sample. In order to obtain the 
various size fractions of silt and clay finer than 4 Phi or less than 0.0625mm, the analyses 
were conducted by hydrometer method. In this method, the residue passing through 200 
mesh in sieve analyses were placed in a tall graduated cylinder with a known volume of 
distilled water (1 liter). After stirring, hydrometer was dropped in the cylinder and the 
constant time for the various depths of hydrometer were noted. The temperature of water 
was also noted. In this technique the larger particles will settle faster than the smaller and 
size weight percentage for various fractions of silt and clay in each sample were 
calculated by transforming settling velocity to size scale by means of stokes law 
(Griffiths, 1967). These results were combined with sieve analyses of the sand fraction to 
give a complete grain size distribution. (Samples Lu-KHS-1/88 to Lu-KHS-25/88, 
provided as appendices 1-25). 


TABLE: 2.iv.1. THE TABLE GIVES SIZE AND MESH NO. OF SIEVES 
USED FOR GRAIN SIZE ANALYSES OF THE KHEWRA 


SANDSTONE. 

MESH NO. SIZE IN MILLIMETERS 
4 (4-2) 

10 (2-1) 

10 (1-0.5) 

35 (0.5-0.25) 

60 (0.25-0.125) 

120 (0.125-0.0625) 

200 (0.0625-0.0039 


MATERIAL: 


Twenty five (25) samples were collected from the top to the base of the formation 
to represent all the variable lithologies in the three units of Khewra Sandstone. Fig. 2.iv.1 
gives the stratigraphic locations of the samples and table 2.iv.1 provides the field 
lithology of the samples with their stratigraphic position above the base of the formation. 


2.11.5 RESULTS: 


Table 2.1v.3 provides the sedimentological analyses of Khewra Sandstone with 
respect to units A, B and C and with textural classification of the individual samples in 
terms of Folk’s (1957) nomenclature. Appendices 1-25 provide the grain size analyses for 
all the individual samples using sieve and hydrometer method. Fig. 2.iv.2 gives the 
histograms (a) and cummulative frequency curves (b) for all the individual samples of 
unit A according to the appendices 1-15. All the histograms of unit A are asymmetricl, 
unimodel with the exception of one sample and most of the weight percentage was 
observed for silt fraction. Most of the histograms resemble each other indicating 
similarity in the process of depositional medium. The cumulative frequency curves are 
also given in Fig. 2.iv.2 (b) for unit A which display similarity with each other and their 
steepness indicate the dominance of one textural class (silt) and better sorting. Fig 2.iv.3 
(a) displays the histograms and Fig. 2.1v.3 (b) gives the cummulative frequency curves 
prepared from the data obtained from samples 15-21 (appendices 15-21), for unit B. The 
histograms are asymmetrical, unimodel and generally display the presence of dominant 
silt and resemble each other indicating the same depositional medium. The cumulative 
frequency curves of unit B for samples 15-21 indicate the dominance of one size class 
(silt) and a better sorting. Fig. 2.iv.4 (a) and 2.iv.4 (b) provide the histograms and 
cummulative frequency curves for the samples of Unit C. (appendices 22-25). The 
histograms appears to be asymmetrical, unimodel and display dominance of silt and sand. 
The nature of histograms indicate the same nature of depositional medium in three 
samples but it shows some difference in one sample (LU-KHS-25/88), the top sample or 
conglomeratic sample. The three histograms indicate that the depositional medium was 
comparatively same but the last histogram represent that the depositional medium was 
comparatively of high energy which deposited dominantly conglomeratic sand. The 
cummulative frequency curves also display better sorting of the unit C. 
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Fig: 2.iv.2. a) Histograms b) Cummulative frequency curves of the Khewra Sandstone from Ludwah Hills, Unit A. 
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frequency curves of Khewra sandstone fram Ludwah Hills. 


Fig. 2.iv.5A provides the frequency curves of the weight percentages plotted 
against the grain size (sand, silt and clay). The curves given by the 15 samples of unit A 
are mostly platykurtic, asymmetrical and display positive skewness where the curve 
shows a decrease with decreasing grain size. This reflects the nature of the depositional 
medium which was similar in most cases. Fig. 2.1v.5B provides the frequency weight 
percentages curves against respective grain sizes for unit B or middle unit of the Khewra 
Sandstone for six samples. These curves are positively skewed with the exception of one 
sample 1.e. LU-KHS-17/88. The curves display asymmetrical peak and may be called 
partly platykurtic. Here, the depositional medium appears to be similar in most of the 
cases but the nature of depositional medium was slightly different than the depositional 
medium of unit A, as the peaks in unit A are comparatively sharp. Fig. 2.iv.5C provides 
the frequency weight percentages curves for the top unit C. for four samples. The three 
samples display similar curves but the last or top most sample gives a sharp curve 
indicating more sand than silt. The depositional medium in the three cases were more or 
less similar but the energy of the depositional medium comparatively increased during 
the deposition of last sample. 


Fig 2.iv.6 gives the textural classes of unit A represented by histograms as (a) and 
by cumulative frequency curves as (b). The histograms of sandy silt for four samples 
display dominant factor of silt which is 31.58%, sand 21.61% and clay 6.72% (table 
2.iv.3). Similarly, the histograms of silt prepared for 11 samples also represent the 
dominant silt which is 76.47%, sand 15.75% and clay 7.51% (Table 2.iv.5). The two 
textural classes observed as sandy silt and silt show the unimodel histograms and 
reasonably steep cumulative frequency curves indicating moderate sorting. Fig. 2.iv.7 
gives the frequency curves plotted as weight percentage against the grain size of textural 
classes observed as sandy silt and siltstone. The frequency curve display positive 
skewness, asymmetrical peak and partly platykurtic in nature. Fig 2.1v.8(a) and 2.1v.8(b) 
provide the histograms and cumulative frequency curves for the two textural classes, 
sandy silt and silt in unit B. The histogram of sandy silt for five sample show that silt is 
dominant constituent (69.52%), sand (20.95%), and clay (9.27%). The histogram of silt 
for only one sample display silt as dominant constituent with 92.61% and clay 7.33% 
(Table 2.iv.5). The histograms of the two textural classes are unimodel and the 
cumulative frequency curves are steeper indicating a better degree of sorting and 
similarity in depositional medium. Fig. 2.iv.9 gives the frequency curves plotted as 
weight percentages against grain sizes of the textural classes of unit B observed as silty 
sand and siltstone. The curve display platykurtic nature for sandy silt and show a positive 
skewness. 


LU-KHS-11 /88 


Pi 


LU-KHS-12/88 


LU-KHS-13/88 


g0 7 LU-KHS-6/88 LU-KHS-7/88 LU-KHS_8/88 


mf Noss 


80 + LU_KHS.1 /88 


+ SAND -—-<€ SILT 


LU-KH S-2/88 


CLAY SAND 2©SILT 


wl hs 


CLAY “SAND = > SILT 
Grain Size(Phi 


LU-KHS-14/88 


[S., 


LU-KHS-15/88 


i 


ne KHS-10/88 


+CLY- SAND -<SILT 


- Unit ) 


Fig: 2.iv.5A. Frequency curves of Khewra Sandstone from Ludwah Hills, Unit A. 
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The siltstone class showed a line which appears to be negatively correlated to the weight 
percentages but as it represents only one sample, nothing extraordinary can be inferred 
from the plot. Fig. 2.iv.10(a) and 2.iv.10(b) provide the textural classes of unit C 
represented by histograms and cummulative frequency curves. The two textural classes 
observed are silty and sandy silt. The histograms of the silty sand for one sample display 
sand as dominant constituent which is 73.22%, silt 22.3% and clay 4.20%. The sandy silt 
was observed in three samples where the silt is 63.33%, sand 27.2% and clay 7.68% 
(Table 2.iv.10(b) indicate a better sorting of silty sand and sandy silt. The frequency 
curve of textural classes for the siltysand and sandysilt has been displayed in Fig 2.iv.11. 
The curve display platykurtic nature for the sandysilt and positive skewness. The curve 
for the siltysand shows a positive skewness and comparatively leptokurtic nature. The 
siltysand was deposited comparatively in high energy depositional medium than the 
sandy silt. 


Figs. 2.iv.12(a) and 2.iv.12(b) give the histograms and cumulative frequency 
curves for all the samples of Khewra Sandstone from three textural classes observed as 
siltysand, sandysilt and siltstone. Table 2.iv.6 gives the weight percentages of three 
textural classes and their size parameters. The histograms and cumulative frequency 
curves for the three textural classes display unimodel distribution and comparatively 
steep curves indicating better sorting. Fig 2.1v.13 provides the frequency curves for the 
weight percentages plotted against grain sizes. The curves are positively skewed and 
asymmetrical. The sandysilt and siltstone display partly platykurtic curve and siltysand 
shows leptokurtic nature. All the samples of Khewra Sandstone display only three 
textural classes and may be called as siltysand, sandysilt and siltstone according to 
Shepherd (1954). The siltysand was found only in one sample from the unit C or top of 
the formation. The sandysilt was detected in 11 samples where as the silt was found in 11 
samples. Table 2.iv.6 gives the summary statistics of grain size parameters and weight 
percentages of main size fractions of the three textural classes. The siltysand was found 
in one sample which is about 73.2% sand by weight, 22.3% silt and 4.20% clay. The 
sandysilt found in 12 samples displayed about 68.14% silt, 23.25% sand and 7.89% clay. 
The siltstone was found in 12 samples with 84.54% silt, 7.87% sand and 7.42% clay. 


Table 2.iv.4 provides the summary statistics of the grain size parameters for the 
graphic mean size (Mz), graphic standard deviation (6G), graphic skewness (SKG), 
graphic kurtosis (KG), median diameter (M) and coarsest one percentile © for all the 
individual samples. The four statistical size parameters called as graphic mean size (Mz), 
graphic standard deviation (6G), graphic skewness (SkG) and graphic Kurtosis (KG) 
were calculated for all samples. The above four statistical parameters were plotted as 
scatter diagrams with the six combinations in order to evaluate their inter-relationship and 
their effectiveness in differentiating between the sedimentological behavior of the three 
textural classes (Fig 2.iv.14). The mean sizes (MZ) plotted against standard deviation 
(6G) display a positive correlation indicating that the increase in standard deviation is 
directly proportional with the increase in the mean size (Fig 2.iv.14A). Fig 2.1v.14A also 
shows that the points of two textural classes named as sandysilt and siltstone lie close to 
each other and form a cluster of one group but only one sample of the siltysand lie away 
from the two textural classes. This indicates that the depositional energy for the two 
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textural classes called as sandysilt and siltstone were more or less similar. Fig. 2.1v.14B 
shows the plot of graphic mean size against the graphic skewness (SKG) and display one 
cluster of the sandysilt and siltstone with six samples lying away from the cluster. The 
sample again represents the silty sand of coarse size and should lie away from the other 
textural classes. The plot of skewness against mean size also shows some asymmetrical 
distribution with the exception of one sample from the textural class silty sand. The Fig 
2.iv.14C gives the plot of graphic mean size versus kurtosis which displays a negative 
correlation or the mean size is inversely proportional to the skewness. It again reflects the 
same situation as in Fig 2.1v.14A as the increase of fine proportion is responsible for the 
decrease of kurtosis. The scatter of samples on this plot displays that all samples of 
textural classes sandysilt to silt lie within one cluster but the textural class siltysand lies 
away from the two classes showing the difference in the energy of the depositional 
medium. The textural plot of graphic skewness against graphic standard deviation display 
a direct relation between the two statistical parameters and appears that they are directly 
proportional to each other. Fig. 2.iv.14D gives the plot of graphic standard deviation (6G) 
versus graphic skewness (SKG). The plot shows a positive correlation between the two 
variables. Most of the points form a cluster with the exception of a few sand samples 
indicating variations in the energy of depositional medium. Fig. 2.iv.14E provides the 
relationship between graphic kurtosis and graphic standard deviation. The highest value 
of kurtosis is associated with well sorted siltysand samples which lies away from the two 
textural classes, sandysilt and siltstone. The kurtosis values decreases with the increase of 
standard deviation. Fig. 2.iv.14F shows the plot of graphic skewness against graphic 
kurtosis of all samples. The textural classes sandysilt and siltstone form again a cluster of 
one group with one or two samples away from the textural class called as silty sand 
which lies away from the main cluster of two textural classes and again reflects the 
variation in the energy of depositional medium. 


2.111.6 DISCUSSION: 


The grain size analyses of the Khewra Sandstone observed in this work verifies 
the field observations that the grain size increases towards the top of the formation. The 
formation displays thinly bedded siltstone and shale at its base and medium to thick 
bedded siltstones to sandy siltstone in the middle part and fine grained sandstone to sandy 
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siltstone which are massive bedded in the upper part. The coarsening upward sequence is 
generally observed in deltaic sandstone and shoreline sand deposits, which may be called 
as barrier bars and shore line sandstone. Van Straaten (1959) described in detail the 
sedimentary environments stating that the fluviomarine deposits are usually characterized 
by a distinct gradation from a relatively sandy or silty composition directly in form of 
distributary mouths to more pure offshore clays. Scrutton (1964) distinguished the 
Mississippi delta between delta front silts and sands, prodelta silty clays and offshore 
clays. Van Straaten (1959) pointed out that the fluviomarine series deposits of the Grand 
Rhone mouth are whole sandy in composition. They contain in their proximal parts of 
delta abundant layers and laminee of sand and siltysand. These coarse grained layers and 
the intercalated layers of fine material decrease in thickness towards deep water. The 
decrease in thickness is accompanied by a diminishing of the maximum and average 
grain size of the sand. Rainwater (1976) stated that the thickness and vertical sequence of 
sediments indicates their depositional environment. Similarly, lateral sequence of 
sediments also helps to understand the sedimentary environments. He further stated that 
diapiric structures such as salt domes or salt ridges and shale ridges are created due to 
rapid sedimentation in deltaic depocenters during the delta building. Fisk (1954) gave the 
details of the sedimentary framework of the Mississippi delta and stated that the grain 
size increases towards the top of the sedimentary sequence. He studied the arrangement 
of the sedimentary unit in Bird foot delta of Mississippi river and concluded that the 
deposition has proceeded uniformly and resulted on seaward elongation of the 
distribution from head of passes. The depositions display a pattern of diverging finger 
like bar deposits of sands and sandy silts separated by wedges of silty clay. These 
sedimentary units together with an underline thin layer of prodelta marine clay form the 
framework of the delta platform which has advanced Gulf world into waters 
approximately 300 feet deep. He further stated that the subsidence resulting from 
compaction has accompanied deposition, influencing the rate of delta and pointed out the 
increase of grain size towards top of the sedimentary deltaic sequence. The detailed 
studies about the grain size variations in the Khewra Sandstone show that the Khewra 
Sandstone is composed of only three textural classes observed as silty sand, sandy silt 
and siltstone (Folk, 1957). Figures 2.iv.2, 2.iv.3, 2.1v.4, 2.1v.6, 2.1v.8, 2.iv.10 and 2.iv.12 
display histograms and cumulative curves for the individual samples according to their 
respective units and for the Khewra Sandstone as a formation respectively. The 
histograms are generally unimodel and display major contribution due to sandy silt and 
siltstone. The cumulative curves are reasonably steep and display moderate sorting in 
these sandstone. Figs. 2.iv.5A, 2.iv.5B, 2.1v.5C, 2.iv.7, 2.iv.9, 2.iv.11 and 2.iv. 13 give 
the frequency curves for the individual samples, for individual units and for the Khewra 
Sandstone as a formation, respectively. The frequency curves indicate that generally they 
are positively skewed, asymmetrical and platykurtic. 


The frequency curves are leptokurtic occasionally. This indicates the uniformity of the 
depositional medium for the individual sample for the units with the exception of only 
one sample from the top of the formation. The scattered plots were prepared after 
(Khalaf, Al-Bakri, and Al-Ghandban, 1984) considering four statistical parameters which 
are mean size (Mz), graphic standard deviation (6G), graphic skewness (SKG) and 
graphic kurtosis (KG). About six combination of the four statistical parameters were 
plotted as scatter diagrams, (Fig 2.iv.14). These scatter plots indicate that all samples of 
textural classes sandy silt and silt lie within one cluster but the textural class siltysand lies 
away from the two classes showing difference in the energy of depositional medium. This 
indicates that the Khewra Sandstone was deposited in a depositional medium which was 
similar during the deposition of the sandysilt and siltstone but varied during the 
deposition of siltysand. It is more likely that the Khewra Sandstone was deposited in a 
deltaic environment where grain size increases towards the top of the formation. The 
lower unit or unit A was deposited in a deltaic to delta front environment where siltstone 
dominates (Table 2.iv.5). The dry seasons were responsible for the deposition of the 
lenticular carbonate beds intercalated with the lower unit. According to Selley (1985) the 
terrestrial sediments dominate on the shore line brought through the deltas but when the 
influx of detritus sediment decreases, the marine processes dominate and carbonate 
sedimentary environment migrate closer and closer in shore. Selley (1976) plotted 
cummulative weight percentages against the grain sizes for the sorting of the sediment 
from different environments (Fig.2.1v.15). He plotted cumulative weight percentages 
against grain sizes for dune sands, glacial till (B), Pelagic mud (C), beach sand (D) and 
river sands (E). Fig 2.iv.15B is redrawn from Selley (1976) to compare the cumulative 
weight percentages for the present work. The curve plotted for the unit A, B and C 
resemble the E curve of Selley (1976) and therefore it is likely that the detritus materials 
of the Khewra Sandstone were brought by the rivers and were deposited into deltaic 
environment. Fig. 2.iv.16 provides the histograms for dune sands (A), glacial till (B), 
pelagic mud (C), beach sand (D) and river sand (E) plotted by Selley (1976) to compare 
the histograms for various environments. The most of the histograms in Fig 2.iv.16 (A, B, 
C, D and E) for the present work resemble the histogram called E for river sand by Selley 
(1976). It is therefore most likely that the Khewra Sandstone grains were brought as a 
detritus material by the Cambrian rivers into shore area forming a delta. Fig 2.iv.17 
displays the C-M diagram of Passega (1957, 1964) given by Selley (1976) for 
differentiating various environments such as Pelagic suspension (I), uniform suspension 
(II), graded suspension (III), bed load (IV) and turbidity current (V). The diagram is 
based on the coarsest one percentile (Phi units) Plotted against the median diameter (Phi 
units). Fig 2.1v.17 B displays the plot for the work of present data with number of 
samples at the plotted point. The shape of the plot fall close to the IV and V indicating 
the environment from turbidity to bed load. It is likely that the Khewra Sandstone was 
deposited in conditions very similar to deltaic and turbidity current in the delta front. 
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Part of the unit A may therefore represent partly a delta front environment. Selley (1985) 
stated that ligthologically deltas are characterized by major wedges of terrigenous clastic 
material with widely varying gran size and sand shale ratios. Coal lignite beds are 
common in distributary mouth, carbonaceous detritus occurs in distributary channel sands 
and in other delta facies, where the distributary channels facies are dominated on the 
ocean waves. In shore faces, sands of wave dominated delta by contrast to carbonaceous 
detritus may be absent and glauconite may occur instead. The sands in unit A and B are 
assumed to be transported by distributary channels. They do not show lignite beds or 
disseminated carbonaceous detritus, but instead the Khewra Sandstone in Ludwah hills 
display glauconite in unit A and B and pelletoidal oolites. It is therefore more likely that 
the Khewra Sandstone represents the shore face sands of wave dominated Cambrian 
delta. 


2.11.7 SUMMARY AND CONCULUSIONS: 


1. The Khewra Sandstone exposed at Ludwah hills can be texturally divided into 
three textural classes as silty sandstone, sandy siltstone and siltstone. The silt dominate in 
the Khewra Sandstone and is 50.7%, the silty sandstone occurs only in the upper beds. 
The Khewra Sandstone may be called as a Khewra Siltstone on the basis of textural 
classification. 


2. The Khewra Sandstone at the Ludwah hills displays coarsening of the grain size 
from base to the top. The frequency of the occurrences of comparatively coarser beds 
also increases towards the top the beds at the base are graded bedded while the beds in 
the middle and upper unit display coarsening of the grain size upward. The textural 
classification, the cummulative curves, C-M diagram, and the comparative studies of 
histograms and scatter plots indicate that the Khewra Sandstone was most likely 
deposited in the fluviomarine conditions. The upper and middle units were deposited in 
fluviomarine conditions while the lower unit was deposited in fluviomarine to turbidity 
environments, in a delta front to deltaic conditions. 


3. The detritus was transported from the continent mostly through rivers and partly 
due to winds. 


4. It is concluded that the Khewra Sandstone was deposited in deltaic to turbidity 
currents environments. The delta was wave dominated as indicated by the shoreface sand 
of middle unit which include glauconite. 
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TABLE: 2.iv. 2: STARTIGRAPHIC POSITIONOF THE SAMPLE FROM KHWERA 
SANDSTONE EXPOSED AT LUDWAH. 


SAMPLENO. MAIN LITHOLOGY MAJOR BED STARTIGRAPHIC POSITION OF 
SAMPLE ABOVE THE BASE OF 
LU-KHS- Se Me: THICKNESS KHEWRA SANDSTONE (cm) 
1/88. Gypseous marl 1 500 1 
2/88. Silty Sandstone to Siltstone. 14 16 621.5 
3/88. Fine sandstone to siltstone and 19 30 1491.5 
shale 
4/88. Shale 20 265 1756.0 
5/88. Fine sandstone to siltstone. 25 102 2361.5 
6/88. Fine sandstone to siltstone. 29 35 2876.5 
7/88. Dolomitic sandstone to silty 31 110 3156.5 
dolomite. 
8/88. Shale 38 205 3867.5 
9/88. Dolomitic Sandstone. 38 205 4071.5 
10/88. Shale 41 67 4515.5 
11/88. Dolomitic Sandstone 45 100 4861.5 
12/88. Dolomitic Sandstone 46 600 5461.5 
13/88. Clay/Shale. 47 530 5991.5 
14/88. Fine sandstone to siltstone 49 323 6464.5 
sandstone to siltstone. 
14-A/88. Dolomitic siltstone to fine 50 46 6510.5 
sandstone. 
15/88. Dolomitic Sandstone and 51 454 6964.5 
shale. 
16/88. Sandstone 52 204 7168.0 
17/88. Sandstone 94 40 9325.5 
18/88. Sandstone 112 69 8998.5 
19/88. Sandstone 139 46 10058.5 
20/88. Sandstone 197 60 12396.5 
21/88. Sandstone 214 120 13683.5 
22/88. Sandstone 215 530 14213.5 
23/88. Sandstone 218 966 16019.5 
24/88. Sandstone 219 600 16619.5 
24/88. Sandstone 220 780 17399.5 
25/88. Sandstone 221 200 17599.5 


TABLE: 3.iv.2. 


SEDIMENTOLOGICAL ANALYSES OF KHEWRA SANDSTONE EXPOSED AT 


LUDWAH. 
S AND SILT CLA Y 
SAMPLEN COARSE MEDIUM FINE(0.12 VERY FINE COARSE MEDIUM FINE VERY CLAY 
O.LU- 1.0-0.5 (0.5-0.25) 5-) 0.125) (0.125- (0.625- (0.031- (0.0156- FINE (0.0039) 
KHS- mm mm mm 0.0625) mm 0.031) mm 0.0156) mm 0.0078) mm (0.F0078- mm 
0, 039) LITHOLO- 
mm GIC NAME 
1/88. - - - 34.07 30.71 16.81 6.46 6.05 5.88 Sandysilt 
2/88. - - - 5.11 36.43 19.09 11.85 9.21 7.90 Siltstone 
3/88. - - - 2.00 40.60 20.76 9.64 8.41 8.41 Siltstone 
4/88. - - - 21.65 38.14 22.29 6.96 5:97 4.65 Sandysilt 
5/88. - - - 2.91 46.00 3.83 9.15 8.54 8.54 Siltstone 
6/88. - - - 5.81 40.01 6.00 0.30 9.52 TIT Siltstone 
7/88. - - - 6.01 40.96 8.31 9.90 T73: 6.98 Siltstone 
8/88. - - - 5.33 41.44 6.43 0.80 8.54 7A Siltstone 
9/88. - - - 6.10 45.71 5.62 8.97 7.21 6.3 Siltstone 
10/88. - - - 0.33 38.98 8.80 7.36 7.30 7.14 Sandysilt 
11/88. - - - 20.4 36.60 3.52. 1.14 9.25 9.0 Sandysilt 
12/88. - - - 16.3 35.62 6.70 2.51 10.35 8.1 Siltstone 
13/88. - - - 27.9 31.78 22.39 8.00 S13: 4.67 Siltstone 
14/88. - - - 11.7: 41.51 20.49 9.16 8.55 8.50 Siltstone 
15/88. - - - 14.1 41.38 6.23 0.99 9.42 7.84 Siltstone 
16/88. - - - 20.2 43.26 4.16 8.94 6.70 9.70 Sandysilt 
17/88. - - - - 44.01 25.90 3.90 8.80 7.33 Siltstone 
18/88. - - - 14.7 30.06 6.55 2.88 12.88 12.88 Sandysil 
19/88. - - - 20.61 36.31 5.38 1.07 9.22 7.30 Sandysilt 
20/88. - - - 17.31 32.01 5.48 2.80 11.20 11.20 Sandysilt 
21/88. - - 0.81 31.91 31,35 1.00 8.20 8.20 8.20 Sandysil 
22/88. - - 1.21 32.31 24.50 2.20 0.40 10.40 8.74 Sandysilt 
23/88. - - 2.88 10.36 34.10 7.80 2.10 9.60 8.40 Sandysilt 
24/88. - - 0.81 34.11 32.30 1.80 7.90 6.90 5.90 Sandysilt 
25/88. - - 6.21 67.01 8.00 5.50 4.60 4.20 4.20 Siltysand 


TABLE: 2.iv.4 SUMMARY STATISTICS OF GRAIN-SIZE PARAMETERS OF K HEWRA 
SANDSTONE EXPOSED AT LUDWAH HILLS. 


“TUKHS- (MZ) DEVIATION(6G)—-SKEWNESS(SKG)-—-KURTOSIS(KG) DIAMETER (N)—_-PERCENTILE (©) 
1/88. 4.54 1.58 0.51 1.10 6.0 2.92 
2/88. 4.91 1.61 0.41 0.91 6.0 3.00 
3/88. 4.90 1.47 0.45 0.96 6.0 3.00 
4/88. 4.49 1.20 0.26 1.16 6.0 3.97 
5/88. 4.90 1.59 0.64 1.07 6.0 3.00 
6/88. 4.83 1.53 0.44 0.90 6.0 3.00 
7/88. 4.75 1.44 0.39 1.06 6.0 3.00 
8/88. 4.97 1.74 0.48 1.00 6.0 3.00 
9/88. 4.66 1.35 0.41 1.13 6.0 3.00 
10/88. a2) 1.91 0.56 0.72 6.0 3.00 
11/88. 4.86 1.71 0.45 0.70 6.0 2.97 
12/88. 4.91 1.62 0.39 0.90 6.0 3.00 
13/88. 4.40 1.21 0.25 1.06 6.0 2.95 
14/88. 4.91 1.48 0.48 1.02 6.0 3.00 
15/88. 4.73 1.50 0.62 0.95 6.0 3.00 
16/88. 4.62 1.42 0.42 1.02 6.0 2.95 
17/88. 5.09 1.20 0.28 0.86 6.0 3:75 
18/88. 5.22 1.81 0.32 0.81 6.0 2.95 
19/88. 4.74 1.54 0.40 0.84 6.0 2.95 
20/88. 5.04 1.78 0.38 0.72 6.0 2.95 
21/88. 4.66 1.66 0.50 0.93 5.5 2.60 
22/88. 4.74 1.78 0.45 0.77 a) 2.50 
23/88. 5.36 1.87 0.41 1.48 5.5 2.25 
24/88. 4.42 1.40 0.44 1.07 5.5 2.50 
25/88. 3.15 1.60 0.47 2.33 5.5 2.25 


TABLE. 2.iv.5. SUMMARY STATISTICS OF AVERAGE GRAIN-SIZE PARAMETERS AND 
WEIGHT PERCENTAGES OF MAIN SIZE FRACTION OF VARIOUS TEXTURAL 
CLASSES OF KHEWRA SANDSTONE. 


SIZE PARAMETERS WEIGHT % OF SIZE CLASSES 

UNIT TEXTURAL CLASSES (Mz) (6G) (SKG) (KG) SAND _ SILT CLAY 

A Sandy Silt (n-5) 471 1.52 0.40 0.96 22.87 68.70 8.31 
Siltstone (n-10) 4.84 1.53 0.54 0.98 13.34 77.71 7.79 

B Sandy Silt (n-5) 4.85 1.64 0.40 0.75 21.11 69.52 9.29 
Siltstone (n-1) 5.09 1.28 0.28 0.86 0.00 92.61 7.33 

Cc Sandy Silt (n-1) 3.75 1.16 0.47 2.33 73.22 22.30 4.28 
Siltstone (n-3) 4.84 1.68 0.43 1.10 27.20 63.33 7.68 


TABLE. 2.iv.6. SUMMARY STATISTICS OF GRAIN-SIZE PARAMETERS AND WEIGHT 
PERCENTAGES OF MAIN SIZE FRACTION OF VARIOUS TEXTURAL CLASSES. 


SIZE PARAMETERS WEIGHT % OF SIZE CLASSES 

TEXTURAL CLASSES (Mz) (6G) (SKG) (KG) SAND SILT CLAY 
Silty Sand (n-1) 3.15 1.16 0.47 2.33 73.2 22.3 4.28 
Sandy Silt (n-13) 4.79 1.60 0.41 0.95 22.14 67.78 8.54 
Siltstone (n-11) 4.43 1.51 0.47 0.97 13.21 79.09 7.70 

Index. 

Nz = Graphic Mean Size KG=Graphic Kurtosis 

6G = _ Graphic Standard Deviation n=Number of sample 


SKG= _— Graphic Skewness 


1. SAMPLE NO. 


2. LOCATION OF SAMPLE 


GRAIN SIZE ANALYSIS 
(Appendices, 2 iv-25) 


LU-KHS-1/88 


Appendix — 1. 


LUDWAH HILLS, EASTERN SALT RANGE, PAKISTAN 


3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms. 
Class 
S Particle size Particle Size —_ Interval Mid point Weight Weight % Cummulative Method of 
No. (min) (microns) (@) (@) (grams) age weight % age _ Analysis 
1 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5 0.125-0625 125-63 3-4 3.5 34.07 34.07 34.07 Sieving 
6 0.0625-0.0312 63-31.5 4-5 4.5 30.71 30.71 64.78 Hydrameter 
7 0.0312-0.0156 31.5-15.6 5-6 55 16.81 16.81 81.59 Hydrameter 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 6.46 6.46 88.05 Hydrameter 
9 0.0078-0.0039 7.8-3.9 7-8 Te 6.05 6.05 94.10 Hydrameter 
10 < 0.0039 <3.9 8-9 8.5 5.80 5.80 99.90 Hydrameter 
Appendix — 2 
GRAIN SIZE ANALYSIS 

4. SAMPLE NO. LU-KHS-2/88 

5. LOCATION OF SAMPLE LUDWAH HILLS, EASTERN SALT RANGE, PAKISTAN 

6. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms. 

Class 

S Particle size Particle Size Interval Mid point Weight Weight % Cummulative Method of 
No. (min) (microns) (@) (@) (grams) age weight % age _ Analysis 
1 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 15 - - - Sieving 
4 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5 0.125-0625 125-63 3-4 3.5 15.11 15.11 15.11 Sieving 
6 0.0625-0.0312 63-31.5 4-5 4.5 36.43 36.43 51.54 Hydrameter 
7 0.0312-0.0156 31.5-15.6 5-6 5.5 19.09 19.09 70.63 Hydrameter 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 11.85 11.85 82.48 Hydrameter 
9 0.0078-0.0039 7.8-3.9 7-8 7.5 9.21 9.21 91.69 Hydrameter 
10 < 0.0039 <3.9 8-9 8.5 7.90 7.90 99.59 Hydrameter 


Appendix — 3 


GRAIN SIZE ANALYSIS 
1. SAMPLE NO. LUKHS-3/88 
2. LOCATION OF SAMPLE LUDWAH HILLS, EASTERN SALT RANGE, PAKISTAN 


3. WEIGHT OF SAMPLE BEFORE ANALYSIS — 100gms. 


Class 
S Particle size Particle Size _—_ Interval Mid point Weight Weight % Cummulative Method of 
No. (min) (microns) (@) (@) (grams) age weight % age _ Analysis 
1 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5 0.125-0625 125-63 3-4 3.5 12.00 12.00 12.00 Sieving 
6 0.0625-0.0312 63-31.5 4-5 4.5 40.60 52.60 52.60 Hydrameter 
7 0.0312-0.0156 31.5-15.6 5-6 5.5 20.76 73.36 73.36 Hydrameter 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 9.64 83.00 83.00 Hydrameter 
9 0.0078-0.0039 7.8-3.9 7-8 7.5 8.41 91.41 91.41 Hydrameter 
10 < 0.0039 <3.9 8-9 8.5 8.41 99.82 99.82 Hydrameter 
Appendix — 4 
GRAIN SIZE ANALYSIS 

4. SAMPLE NO. LU-KHS-4/88 

5. LOCATION OF SAMPLE LUDWAH HILLS, EASTERN SALT RANGE, PAKISTAN 

6. WEIGHT OF SAMPLE BEFORE ANALYSIS  100gms. 

Class 

S Particle size Particle Size Interval Mid point Weight Weight % Cummulative Method of 
No. (min) (microns) (@) (@) (grams) age weight % age _ Analysis 
1 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
> 0.125-0625 125-63 3-4 3.5 21.65 21.65 21.65 Sieving 
6 0.0625-0.0312 63-31.5 4-5 4.5 38.14 38.14 59.79 Hydrameter 
7 0.0312-0.0156 31.5-15.6 5-6 5.5 22.29 22.29 82.08 Hydrameter 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 6.96 6.96 89.04 Hydrameter 
9 0.0078-0.0039 7.8-3.9 7-8 ie 5.97 5.97 95.01 Hydrameter 
10 < 0.0039 <3.9 8-9 8.5 4.95 4.95 99.96 Hydrameter 


GRAIN SIZE ANALYSIS 


Appendix-5 


SAMPLE NO. LU-KHS-5/88 
LOCATION OF SAMPLE LUDWAH HILLS, EASTERN SALT RANGE, PAKISTAN 
WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
SNo. Particle Size Particle Class Mid Weight Weight % Cummulative Method of 
(mm) Size Interval point (grams) age weight % age Analysis 
(microns) (2) (2) 
i. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2: 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
2: 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5. 0.125-0.625 125-63 3-4 3.5 12.91 12.91 12.91 Sieving 
6. 0.0625-0.0312 63-31.5 4-5 4.5 46.00 46.00 58.91 Hydrometer 
Ts 0.0312-0.0156 31.5-15.6 5-6 5.5 13.83 13.83 72.74 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 9.15 9.15 81.89 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 7.5 8.54 8.54 90.43 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 8.54 8.54 98.97 Hydrometer 
Appendix-6 
GRAIN SIZE ANALYSIS 
SAMPLE NO. LU-KHS-6/88 
LOCATION OF SAMPLE LUDWAH HILLS, EASTERN SALT RANGE, PAKISTAN 
WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
S Particle Size Particle Class Mid Weight Weight % Cummulative Method of 
No. (mm) Size Interval point (grams) age weight % age Analysis 
(microns) (@) (@) 
1. 2.0-1.0 2000-1000 = -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3; 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
3: 0.125-0.625 125-63 3-4 3.5 15.81 15.81 15.81 Sieving 
6. 0.0625-0.0312 63-31.5 4-5 4.5 40.01 40.01 55.12 Hydrometer 
Ts 0.0312-0.0156 31.5-15.6 5-6 5.5 16.00 16.00 71.12 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 10.30 10.30 81.52 Hydrometer 
9: 0.0078-0.0039 7.8-3.9 7-8 7.5 9.52 9.52 91.04 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 7.97 7.97 99.01 Hydrometer 


Appendix-7 


GRAIN SIZE ANALYSIS 
1. SAMPLE NO. LU-KHS-7/88 
2. LOCATION OF SAMPLE LUDWAH HILLS, EASTERN SALT RANGE, PAKISTAN 
33 WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
S Particle Size Particle Class Mid = Weight Weight Cummulative Method of 
No. (mm) Size Interval point (grams) % age weight % age Analysis 
(microns) (9) (9) 
1. 2.0-1.0 2000-1000 = -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3: 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 25 - - - Sieving 
5: 0.125-0.625 125-63 3-4 3:5 16.01 16.01 16.01 Hydrometer 
6. 0.0625-0.0312 63-31.5 4-5 4.5 40.96 40.96 56.97 Hydrometer 
Ti 0.0312-0.0156 31.5-15.6 5-6 5.5 18.31 18.31 75.28 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 9.90 9.90 85.18 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 7.5 7.73 7.73 92.91 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 6.98 6.98 99.89 Hydrometer 
Appendix-8 
GRAIN SIZE ANALYSIS 
1. SAMPLE NO. LU-KHS-8/88 
2. LOCATION OF SAMPLE LUDWAH HILLS, EASTERN SALT RANGE, PAKISTAN 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
S Particle Size Particle Class Mid Weight Weight Cummulative Method of 
No. (mm) Size Interval point (grams) % age weight % age Analysis 
(microns) (@) (@) 
1. 2.0-1.0 2000-1000 = -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3; 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5. 0.125-0.625 125-63 3-4 3:5 15.33 15.33 15.33 Hydrometer 
6. 0.0625-0.0312 63-31.5 4-5 4.5 41.44 41.44 56.77 Hydrometer 
7. 0.0312-0.0156 31.5-15.6 5-6 55 16.43 16.43 73.20 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 10.80 10.80 84.00 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 7.5 8.54 8.54 92.54 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 7A 7A 99.95 Hydrometer 


Appendix-9 


GRAIN SIZE ANALYSIS 

1. SAMPLE NO. LU-KHS-9/88 
2. LOCATION OF SAMPLE LUDWAH HILLS, EASTERN SALT RANGE, PAKISTAN 
33 WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 

S Particle Size Particle Class Mid Weight Weight | Cummulative Method of Analysis 

No. (mm) Size Interval point (grams) % age weight % age 

(microns) (@) (@) 

1e 2.0-1.0 2000-1000 = -1-0 -0.5 - - - Sieving 

2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 

3% 0.5-0.25 500-250 1-2 1.5 - - - Sieving 

4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 

5. 0.125-0.625 125-63 3-4 3:5 16.10 16.10 16.10 Hydrometer 

6. 0.0625-0.0312 63-31.5 4-5 4.5 45.71 45.71 61.81 Hydrometer 

7: 0.0312-0.0156 31.5-15.6 5-6 5.5 15.62 15.62 77.43 Hydrometer 

8. 0.0156-0.0078 15.6-7.8 6-7 6.5 8.97 8.97 86.40 Hydrometer 

9. 0.0078-0.0039 7.8-3.9 7-8 75 7.21 721 93.61 Hydrometer 

10. <0.0039 <3.9 8-9 8.5 6.31 6.31 99.92 Hydrometer 

Appendix-10 
GRAIN SIZE ANALYSIS 

1. SAMPLE NO. LU-KHS-10/88 
2. LOCATION OF SAMPLE LUDWAH HILLS, EASTERN SALT RANGE, PAKISTAN 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 

S Particle Size Particle Class Mid Weight Weight = Cummulative Method of Analysis 

No. (mm) Size Interval point (grams) % age weight % age 

(microns) (9) (o) 

ie 2.0-1.0 2000-1000 = -1-0 -0.5 - - - Sieving 

2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 

3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 

4. 0.25-0.125 250-125 2-3 2:5 - - - Sieving 

5. 0.125-0.625 125-63 3-4 3.5 10.33 10.33 10.33 Hydrometer 

6. 0.0625-0.0312 63-31.5 4-5 4.5 38.98 38.98 49.31 Hydrometer 

7. 0.0312-0.0156 31.5-15.6 5-6 5.5 18.80 18.80 68.11 Hydrometer 

8. 0.0156-0.0078 15.6-7.8 6-7 6.5 17.36 17.36 85.47 Hydrometer 

9. 0.0078-0.0039 7.8-3.9 7-8 7.5 7.30 7.30 92.77 Hydrometer 

10. <0.0039 <3.9 8-9 8.5 7.14 7.14 99.91 Hydrometer 


Appendix-11 


GRAIN SIZE ANALYSIS 
SAMPLE NO. LU-KHS-11/88 
LOCATION OF SAMPLE LUDWAH HILLS, EASTERN SALT RANGE, PAKISTAN 
WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
Particle Size Particle Class Mid Weight Weight Cummulative Method of 
(mm) Size Interval point (grams) % age weight % age Analysis 
(microns) (@) (@) 
1e 2.0-1.0 2000-1000 = -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3% 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5. 0.125-0.625 125-63 3-4 3:5 20.41 20.41 20.41 Hydrometer 
6. 0.0625-0.0312 63-31.5 4-5 4.5 36.60 36.60 57.01 Hydrometer 
7: 0.0312-0.0156 31.5-15.6 5-6 5:5 13.52 13.52 70.53 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 11.14 11.14 81.67 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 75 9.25 9.25 90.92 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 9.01 9.01 99.93 Hydrometer 
Appendix-12 
GRAIN SIZE ANALYSIS 
SAMPLE NO. LU-KHS-12/88 
LOCATION OF SAMPLE LUDWAH HILLS, EASTERN SALT RANGE, PAKISTAN 
WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
Particle Size Particle Class Mid Weight Weight Cummulative Method of 
(mm) Size Interval point (grams) % age weight % age Analysis 
(microns) (9) (2) 
ie 2.0-1.0 2000-1000 = -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2:5 - - - Sieving 
5. 0.125-0.625 125-63 3-4 3.5 16.31 16.31 16.31 Hydrometer 
6. 0.0625-0.0312 63-31.5 4-5 4.5 35.62 35.62 51.93 Hydrometer 
7. 0.0312-0.0156 31.5-15.6 5-6 5.5 16.70 16.70 68.63 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 12.51 12.51 81.14 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 7.5 10.35 10.35 91.49 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 8.11 8.11 99.60 Hydrometer 


Appendix-13 


GRAIN SIZE ANALYSIS 
1. SAMPLE NO. LU-KHS-13/88 
2. LOCATION OF SAMPLE LUDWAH HILLS, EASTERN SALT RANGE, PAKISTAN 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
S Particle Size Particle Class Mid Weight Weight Cummulative Method of 
No. (mm) Size Interval point (grams) % age weight % age Analysis 
(microns) (9) (9) 
1e 2.0-1.0 2000-1000 = -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3% 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5. 0.125-0.625 125-63 3-4 3:5 27.91 27.91 27.91 Hydrometer 
6. 0.0625-0.0312 63-31.5 4-5 4.5 31.78 31.78 59.69 Hydrometer 
7: 0.0312-0.0156 31.5-15.6 5-6 5:5 22.39 22.39 82.08 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 8.00 8.00 90.08 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 7.5 5.13 5.13 95.21 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 4.67 4.67 99.88 Hydrometer 


Appendix-14 


GRAIN SIZE ANALYSIS 
1. SAMPLE NO. LU-KHS-14/88 
2. LOCATION OF SAMPLE LUDWAH HILLS, EASTERN SALT RANGE, PAKISTAN 
33 WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
S Particle Size Particle Class Mid Weight Weight = Cummulative Method of 
No. (mm) Size Interval point (grams) % age weight % age Analysis 
(microns) (@) (@) 
1e 2.0-1.0 2000-1000 = -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3% 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5. 0.125-0.625 125-63 3-4 3:5 11.71 11.71 11.71 Hydrometer 
6. 0.0625-0.0312 63-31.5 4-5 4.5 41.51 41.51 53.22 Hydrometer 
7: 0.0312-0.0156 31.5-15.6 5-6 5:5 20.49 20.49 73.71 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 9.16 9.16 82.87 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 75 8.56 8.55 91.42 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 8.50 8.50 99.92 Hydrometer 
Appendix-15 
GRAIN SIZE ANALYSIS 
1. SAMPLE NO. LU-KHS-15/88 
2. LOCATION OF SAMPLE LUDWAH HILLS, EASTERN SALT RANGE, PAKISTAN 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
S Particle Size Particle Class Mid Weight Weight = Cummulative Method of 
No. (mm) Size Interval point (grams) % age weight % age Analysis 
(microns) (9) (o) 
ie 2.0-1.0 2000-1000 = -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3; 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2:5 - - - Sieving 
5. 0.125-0.625 125-63 3-4 3.5 14.11 14.11 14.11 Hydrometer 
6. 0.0625-0.0312 63-31.5 4-5 4.5 41.38 41.38 55.49 Hydrometer 
7. 0.0312-0.0156 31.5-15.6 5-6 5.5 16.25 16.23 71.72 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 10.99 10.99 82.71 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 7.5 9.42 9.42 92.13 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 7.84 7.84 99.97 Hydrometer 


Appendix-16 


GRAIN SIZE ANALYSIS 


SAMPLE NO. LU-KHS-16/88 
LOCATION OF SAMPLE LUDWAH HILLS, EASTERN SALT RANGE, PAKISTAN 
WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
Particle Size Particle Size Class Mid Weight Weight % Cummulative Method of 
(mm) (microns) Interval point (grams) age weight % age Analysis 
(2) (9) 
. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3% 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 25 - - - Sieving 
5. 0.125-0.625 125-63 3-4 3.5 20.21 20.21 20.21 Hydrometer 
6. 0.0625-0.0312 63-31.5 4-5 4.5 43.26 43.26 63.47 Hydrometer 
7: 0.0312-0.0156 31.5-15.6 5-6 5.5 14.16 14.16 77.63 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 8.94 8.94 86.57 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 TS 6.70 6.70 93.27 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 6.70 6.70 99.97 Hydrometer 


Appendix-17 


GRAIN SIZE ANALYSIS 


SAMPLE NO. LU-KHS-17/88 
LOCATION OF SAMPLE LUDWAH HILLS, EASTERN SALT RANGE, PAKISTAN 
WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
Particle Size Particle Size Class Mid Weight Weight % | Cummulative Method of 
(mm) (microns) Interval point (grams) age weight % age Analysis 
(2) (2) 
ie 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 135 - - - Sieving 
4. 0.25-0.125 250-125 2-3 25 - - - Sieving 
5. 0.125-0.625 125-63 3-4 3:5: - - - Hydrometer 
6. 0.0625-0.0312 63-31.5 4-5 4.5 44.01 44.01 44.01 Hydrometer 
he 0.0312-0.0156 31.5-15.6 5-6 55 25.90 25.90 69.91 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 13.90 13.90 83.81 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 ee 8.80 8.80 92.61 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 V3 733 99.94 Hydrometer 


Appendix-18 


GRAIN SIZE ANALYSIS 
1. SAMPLE NO. LU-KHS-18/88 
2: LOCATION OF SAMPLE LUDWAH HILLS, EASTERN SALT RANGE, PAKISTAN 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
S Particle Size(mm) Particle Size Class Mid Weight Weight Cummulative Method of 
No. (microns) Interval point (grams) % age weight %age Analysis 
iC) (2) 
1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2: 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5. 0.125-0.625 125-63 3-4 3:5 14.71 14.71 14.71 Hydrometer 
6. 0.0625-0.0312 63-31.5 4-5 4.5 30.06 30.06 44.77 Hydrometer 
ae 0.0312-0.0156 31.5-15.6 5-6 a5 16.55 16.55 61.32 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 12.88 12.88 74.20 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 TS 12.88 12.88 87.08 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 12.88 12.88 99.96 Hydrometer 
Appendix-19 
GRAIN SIZE ANALYSIS 
1. SAMPLE NO. LU-KHS-19/88 
2. LOCATION OF SAMPLE LUDWAH HILLS, EASTERN SALT RANGE, PAKISTAN 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
S Particle Size(mm) Particle Size Class Mid Weight Weight Cummulative Method of 
No. (microns) Interval point (grams) % age weight %age Analysis 
(2) (2) 
1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5. 0.125-0.625 125-63 3-4 3:5: 20.61 20.61 20.61 Hydrometer 
6. 0.0625-0.0312 63-31.5 4-5 4.5 36.31 36.31 56.92 Hydrometer 
a 0.03 12-0.0156 31.5-15.6 5-6 5.5 15.38 15.38 72.30 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 11.07 11.07 83.37 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 7.5 9.22 9.22 92.59 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 7.38 7.38 99.97 Hydrometer 


Appendix-20 


GRAIN SIZE ANALYSIS 
1. SAMPLE NO. LU-KHS-20/88 
2 LOCATION OF SAMPLE LUDWAH HILLS, EASTERN SALT RANGE, PAKISTAN 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
S Particle Size(mm) Particle Size Class Mid Weight Weight Cummulative Method of 
No. (microns) Interval point (grams) % age weight %age Analysis 
(9) (9) 
1 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2: 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 15 - - - Sieving 
4. 0.25-0.125 250-125 2-3 235 - - - Sieving 
5. 0.125-0.625 125-63 3-4 3.5 17.31 17.31 17.31 Hydrometer 
6. 0.0625-0.0312 63-31.5 4-5 4.5 32.01 32.01 49.32 Hydrometer 
7: 0.0312-0.0156 31.5-15.6 5-6 5.5 15.48 15.48 64.80 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 12.80 12.80 77.60 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 7.5 11.20 11.20 88.80 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 11.20 11.20 100.00 Hydrometer 
Appendix-21 
GRAIN SIZE ANALYSIS 
1. SAMPLE NO. LU-KHS-21/88 
2. LOCATION OF SAMPLE LUDWAH HILLS, EASTERN SALT RANGE, PAKISTAN 
3: WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
S Particle Size(mm) Particle Size Class Mid Weight Weight Cummulative Method of 
No. (microns) Interval point (grams) % age weight % age Analysis 
(9) (2) 
i 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 135 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 0.81 0.81 0.81 Sieving 
5. 0.125-0.625 125-63 3-4 3.5 31.91 31.91 32.72 Hydrometer 
6. 0.0625-0.0312 63-31.5 4-5 4.5 31.35 31.35 64.07 Hydrometer 
aE 0.0312-0.0156 31.5-15.6 5-6 5.5 11.00 11.00 75.07 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 8.20 8.20 83.27 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 75 8.20 8.20 91.47 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 8.20 8.20 99.67 Hydrometer 


Appendix-22 


GRAIN SIZE ANALYSIS 
1. SAMPLE NO. LU-KHS-22/88 
2 LOCATION OF SAMPLE LUDWAH HILLS, EASTERN SALT RANGE, PAKISTAN 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
S Particle Size(mm) Particle Size Class Mid Weight Weight Cummulative Method of 
No. (microns) Interval point (grams) % age weight % age Analysis 
(9) (9) 
1 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2: 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 15 - - - Sieving 
4. 0.25-0.125 250-125 2-3 235 1.21 1.21 1.21 Sieving 
5. 0.125-0.625 125-63 3-4 3.5 32.31 32.31 33.52 Hydrometer 
6. 0.0625-0.0312 63-31.5 4-5 4.5 24.50 24.50 58.02 Hydrometer 
7: 0.0312-0.0156 31.5-15.6 5-6 5.5 12.20 12.20 70.22 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 10.40 10.40 80.62 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 7.5 10.40 10.40 91.02 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 8.74 8.74 99.76 Hydrometer 
Appendix-23 
GRAIN SIZE ANALYSIS 
1. SAMPLE NO. LU-KHS-23/88 
2. LOCATION OF SAMPLE LUDWAH HILLS, EASTERN SALT RANGE, PAKISTAN 
3: WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
S Particle Size(mm) Particle Size Class Mid Weight Weight Cummulative Method of 
No. (microns) Interval point (grams) % age weight % age Analysis 
(9) (2) 
i 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 135 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 2.80 2.80 2.80 Sieving 
5. 0.125-0.625 125-63 3-4 3.5 10.36 10.36 13.16 Hydrometer 
6. 0.0625-0.0312 63-31.5 4-5 4.5 34.10 34.10 47.26 Hydrometer 
aE 0.0312-0.0156 31.5-15.6 5-6 5.5 17.80 17.80 65.06 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 12.10 12.10 77.16 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 75 9.60 9.60 86.76 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 8.40 8.40 95.16 Hydrometer 


Appendix-24 


GRAIN SIZE ANALYSIS 
1. SAMPLE NO. LU-KHS-24/88 
2. LOCATION OF SAMPLE LUDWAH HILLS, EASTERN SALT RANGE, PAKISTAN 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
S Particle Size(mm) Particle Size Class Mid Weight Weight Cummulative Method of 
No. (microns) Interval point (grams) % age weight %age Analysis 
(9) (9) 
1 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2: 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1:5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 235 0.81 0.81 0.81 Sieving 
5. 0.125-0.625 125-63 3-4 3.5 34.11 34.11 34.92 Hydrometer 
6. 0.0625-0.0312 63-31.5 4-5 4.5 32.30 32.20 67.22 Hydrometer 
7: 0.0312-0.0156 31.5-15.6 5-6 5.5 11.80 11.80 79.02 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 7.90 7.90 86.92 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 7.5 6.90 6.90 93.82 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 5.90 5.90 99.72 Hydrometer 
Appendix-25 
GRAIN SIZE ANALYSIS 
1. SAMPLE NO. LU-KHS-24/88 
2. LOCATION OF SAMPLE LUDWAH HILLS, EASTERN SALT RANGE, PAKISTAN 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
S Particle Size(mm) Particle Size —_ Class Mid Weight Weight Cummulative Method of 
No. (microns) Interval point (grams) % age weight % age Analysis 
(9) (2) 
It 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 6.21 6.21 6.21 Sieving 
5. 0.125-0.625 125-63 3-4 3.5 67.01 67.01 73.22 Hydrometer 
6. 0.0625-0.0312 63-31.5 4-5 4.5 8.00 8.00 81.22 Hydrometer 
aE 0.0312-0.0156 31.5-15.6 5-6 5.5 5.50 5.50 86.72 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 4.60 4.60 91.32 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 75 4.20 4.20 95.52 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 4.20 4.28 99.80 Hydrometer 


JA. THE PRELIMINARY GEOLOGICAL FIELD STUDIES OF THE KHEWRA 
SANDSTONE EXPOSED AT KHEWRA GORGE. 


ABSTRACT: 


The geological field studies of the Khewra Sandstone were carried out at the Khewra 
Gorge north of the Khewra village. The Khewra Sandstone displays a disturbed contact with 
the underlying Salt Range Formation of Pre-Cambrian age and disconformable contact with 
the overlying Kussak Formation of Cambrian age. The sandstone is about 155.84m thick and 
consists of mainly siltstones and sandstones with minor shales at the base. The sandstone at 
Khewra Gorge may be divided into three distinguishable units which may be called as units 
A, B and C from base to the top, respectively. The unit A is mainly shaly with minor 
siltstones and sandstones. The unit B and C are sandy with minor shales and siltstones. The 
sandstone consists of 192 major beds and 543 total beds including microbeds. The sandstone 
and shale percentages calculated in the field are 75.05% sandstone and 24.95% shale. The 
sand-shale ratio is 3.00. The units B and C are porous and may be exploited for water, oil and 
gas in the sub-surface occurrences. The units A, B and C may be exploited as building stones 
for prestigeous buildings using the flaggy sandstones/siltstones of the formation. 


3.1.1 INTRODUCTION: 


The Khewra Gorge is the most attractive and easily approachable geological section 
for the researchers. The section may be easily approached just in the north of the Khewra 
village (refer Fig. 1.1). The outcrops of the Khewra Sandstone appear as dark brown, steep 
ridges in the north of the Khewra village and along the road side from Khewra to Choa 
Saidan Shah. The area is located in toposheet 43/2 according to coordinates, 35, 33, 39”N, 73 
OW 25°E. 


3.1.2 OBJECTIVES: 


1. To carry out recci-geological survey of the Pre-Cambrian/Cambrian Formations in 
the Khewra area. 


2. To measure the most suitable and undisturbed section of the Khewra Sandstone in the 
Khewra Gorge. 
3. To collect the samples of the Khewra Sandstone from the base to the top representing 


all lithological variations with proper stratigraphic locations. 


4. To explore economic prospects of the Khewra Sandstone. 
>: To collect the reference and display samples. 
6. To determine the sand-shale percentages and sand-shale ratios in the field for 


environmental interpretations. 


31.3 PREVIOUS WORK: 
Please refer Ludwah area section of Khewra Sandstone. 
31.4 GENERAL DESCRIPTION: 


The Khewra Sandstone is 155.84m thick and it is beautifully exposed in Khewra 
Gorge. The sandstone is dark brown to purple and light brown to yellowish white. The 
colour gradually gets lighter from dark brown to yellowish brown and whitish brown 
from base to the top of the sandstone. It consists of dark brown shales with 
sandstones/siltstones and purple to light brown and whitish brown, fine to medium 
grained sandstones. The sandstone/siltstone are cross bedded, ripple marked, mud 
cracked, fractured and flaggy bedded. The sandstones are generally fine grained towards 
the base and the grain size increases towards the top. The Khewra Sandstone at Khewra 
Gorge may be clearly divided into 3 distinct units. The unit A or shaly unit which is 
55.65m in thickness incudes thin siltstones and shales. The middle unit or unit B is 
64.24m thick which is silty and sandy. The unit C is 35.95m thick and is mainly sandy. 


The sandstone also displays chemical weathering with holes due to dissolution of 
water soluble minerals, probably carbonate minerals. The Khewra Sandstone generally 
dips towards north-west. The dips vary from 27 to 34. The dip towards its base generally 
get comparatively steeper due to local disturbance in the area. The sand shale percentage 
as determined in the field in Khewra Gorge is 24.95$ shale and 75.05% sandstone (refer 
table 3.1.3. fig 3.1.2). The sand shale ratio was determined according to Levorsen (1967), 
table 3.1.4 and fig 3.1.3 which is 3.00. Table 3.1.1 provides the stratigraphic positions of 
the samples and table 3.1.2 gives the megascopic description of the samples of the 
Khewra Sandstone. The Khewra Sandstone includes 192 major beds and 543 microbeds. 
Table 3.1.3. provides the general lithology of the samples, number of major beds with 
their general lithology. Table 3.1.4 describes the sand shale ratio and sand-shale 
percentages according to Levorsen (1967). Fig 3.1.1 displays the detailed lithological log 
of the formation with bedding characters, depositional structures, general grain size, 
sorting, roundness, type of porosity and approximate amount of porosity determined in 
the field. 


It is interesting that the Khewra Sandstone at Khewra Gorge display lenticular 
carbonate beds. The carbonate minerals could be calcite, dolomite or ankerite: It appears 
that the depositional environments of the Salt Range Formation gradually changed from 
comparatively deeper waters to shallow marine waters which is represented by the lower 
unit of the Khewra Sandstone, middle unit and upper unit, respectively. The Khewra 
Sandstone shows a disturbed contact with the underlying Salt Range Formation and a 
disconformable contact with the overlying Kussak Formation. The upper contact is 
marked with a 2m thick bed of conglomerate which is gravely and pebbly with occasional 
fragments of clay/shale. 
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The Khewra Sandstone has been assigned a lower Cambrian age due to its 
position with the Kussak Formation which displays fossils of lower Cambrian age (Shah, 
1977 and Fatmi, 1973). The detailed description of the individual units is as follows:- 


345  UNIT-A. 


The lower unit or unit A is 55.65m thick and displays a disturbed contact with the 
so called Salt Range Formation. The upper contact with the unit B is conformable. This 
unit includes purple to dark brown shales intercalating thin siltstones and fine sandstones. 
The shales are medium hard, silty, thinly bedded, calcareous, fractured and occasionally 
display gypsum. The sandstones and siltstones are thin to medium bedded, flaggy, cross 
bedded, occasionally lenticular bedded and ripple marked. The frequency of occurrence 
of shaly beds decreases towards the top of the unit. The unit A consists of 95 major beds 
and 379 microbeds (table 3.1.1). The sand-shale percentage of this unit is 65.29% shale 
and 34.71% sandstone (table 3.1.4, fig 3.1.2) as determined in the field. The sand shale 
ratios based on the field data for the whole unit is 0.53 (table 3.1.4 and fig 3.1.3). This unit 
may be further subdivided into 3 sub units. 


The lower sub unit of unit A is 32m thick and its lower part is not well defined 
with the Salt Range Formation due to its disturbed and partly covered nature. The lower 
sub unit is highly calcareous, marly, ferruginous, mainly shaly with occasional fine 
sandstones and with alternation of siltstones and shales. The sandstones and siltstones are 
fine grained, fairly sorted, subangular to subrounded and generally display primary 
porosity. The shales display poor bedding which could be due to its marly character. The 
sandstones/siltstones are calcareous and often display concretions and nodules of 
calcareous nature. 


The middle sub unit of unit A is 18m thick and consists of fine sandstones and 
silty shales. The shales are calcareous, dark brown to purple brown, with greenish grey 
intercalations of fine sandstones and siltstone. The sandstones and siltstones are fairly 
sorted, subrounded to subangular, fine grained, cross bedded and ripple marked. 


The upper sub unit of unit A is about 5.65m thick and includes purple to red 
shales interbedded with siltstones and fine sandstones. This subunit displays nodules and 
lenticular carbonate beds. The carbonate material is mainly calcite, dolomite and ankerite, 
etc. 


3.1.6 UNIT-B. 


The middle unit or unit B is 64.24m thick and consists of fine grained sandstone, 
siltstone and minor shales. The sandstone/siltstones are cross bedded, ripple marked and 
calcareous. The sandstones are thin to medium bedded at the base and gradually adopt 
medium to thick bedding character towards the top. The sandstones are well sorted, sub 
angular to sub rounded and fair to highly porous. The porosity increases towards the top 
of the unit. The shales are minor and only occur at bedding contacts. The unit B includes 
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91 major beds and 150 microbeds (table 3.1.1). The sand shale percentage calculated in 
the field is 3.96% shale and 96.04% sand (table 3.1.3, fig 3.1.2). The sand-shale ratios 
based on the field data is 24.24 (table 3.1.3, fig 3.1.3). The unit B or middle unit may be 
sub divided into 2 sub units. 


The lower sub unit of the middle unit is about 30.35%m thick and consists of thin 
to medium bedded siltstone/sandstones with minor shales. The sandstones occasionally 
display thick bedding. The frequency of the occurrence of shales decreases towards the 
top of the unit. The sandstones comparatively become coarser towards the top and 
similarly adopt light brownish colour from purple brown. 


The upper sub unit of B is about 33.89m thick and displays medium to thick 
bedded sandstones/siltstones. The nature of the bedding display thickening towards the 
top of the unit. The grain size also increases towards the top of the unit from fine grained 
to medium grained sandstone. Sandstone is cross bedded, well sorted, sub angular to 
subrounded and displays primarily porosity. The porosity also increases towards the top 
of the unit. The colour of the sandstone gradually become light brown towards the top of 
the unit. The sub unit displays ripple marks at its base. The unit also displays chemical 
weathering which was due to dissolution of water soluble minerals. 


3.1.7  UNIT-C. 


The upper unit or unit C of the Khewra Sandstone exposed at Khewra Gorge is 
about 35.95m thick and consists of medium to coarse grained sandstone. The distinct 
criteria for the recognition of this unit is its massive bedded nature. The colour of the 
sandstone varies from light brown to whitish and yellowish brown. The colour gradually 
becomes lighter at its top as compared to its base. The unit is cross bedded and the grain 
size increases towards the top of the unit. It is ferruginous and its calcareous contents 
decreases towards the top of the unit. The unit contains 8 major beds (table 3.1.1). The 
sand-shale percentage calculated in the field appears to be 100% sandstone (table 3.1.3 
and fig 3.1.2). The porosity of this unit increases towards its top and may be from 30% to 
40% approximately which is an exceptional case for the Cambrian sandstone. The unit C 
is overlain by conglomeratic bed with pebbles and gravels of mainly quartz with other 
minor fragments of angular shaly and clayey material. The gravels and pebbles of quartz 
are well sorted and well rounded. This conglomeratic bed marks the disconformity 
between the Khewra Sandstone and the overlying Kussak Formation. 


3.18 ECONOMIC IMPORTANCE: 
The unit B and C of Khewra Sandstone display high porosities and appear to be 
good reservoirs for oil, gas and water and may be exploited for these fluids in the 


subsurface. 


The upper massive beds of the sandstone are comparatively soft, friable and may 
be exploited for the preparation of impure coloured glass. The sandstones and siltstones 


of the units A and B are of flaggy nature and may be exploited as building stones in 
prestigious buildings. 


The Khewra Sandstone at Khewra Gorge consists of brown to purple sandstone 
and may be divided into distinct units A, B and C. Unit B and C mainly include 
siltstones/ sandstones, while unit A consists of mainly shales/clay interacalating thin 
siltstone/ sandstones. 


The percentage of sandstone/siltstone is 75.05% and shale is 24.95%. 


The units B and C may be exploited as reservoirs for water, gas and oil in the 
subsurface of Potwar area. 


Unit A and B may be exploited as building stones for the prestigious buildings. 


The presence of carbonate minerals and marls indicate that the Khewra sandstone 
was deposited in shallow marine environment. The depth of depositing sea gradually 
decreased towards the end of the deposition of the Khewra Sandstone when it was 
uplifted, eroded and again submerged under the marine waters for the deposition of the 
Kussak Formation. It is likely that the Khewra Sandstone represents the last phases/ 
cycles at the end of the deposition of the Salt Range Formation in Salt Range area. 


Figaiaihe distribution of the Sand-Shale ratios from the baSe to the top of 
he Khewra Sandstone of the Khewra gorge based on the field data. 
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Table: 3.1.1. STRATIGRAPHIC POSITION OF THE SAMPLES FROM THE KHEWRA SANDSTONE 
EXPOSED AT KHEWRA GORGE 


SAMPLENO. MAIN LITHOLOGY MAJOR BED SAMPLE 
KH-KHS- Sr.No. | THICKNESS POSITION above 
the base (cm) 
1/88. Gypseous Marl - - Below the Base of 
Khewra Sandstone 
2/88. Silty Shale/Clay 1 300cm lem 
3/88. Siltstone to fine Sandstone 1 300 300 
4/88. Silty Shale to silty clay 2 600 900 
5/88. Siltstone to fine Sandstone 3 70 970 
6/88. Siltstone to fine Sandstone 5 350 1291 
7/88. Silty shale to clay 5 350 1640 
8/88. Siltstone to fine Sandstone 7 90 2570 
9/88. Silty shale to clay 8 70 2640 
10/88. Silty shale to clay 24 120 3993 
11/88. Fine Sandstone to dolomitic Siltstone to 51 48 4592 
silty dolomite 
12/88. Dolomitic Sandstone to clayey Siltstone 53 82 4706 
13/88. Fine Sandstone to Siltstone 64 50 4904 
14/88. Calcareous nodules 86 65 5143 
14-A/88. Silty shale to shale 86 65 5207 
15/88. Silty sandy calcareous nodule 94 40 5425 
15-A/88. Shale and Nodule 94 40 5464 
16/88. Silty Shale 95 100 5465 
16-A/88. Dolomitic Sandstone to silty dolomite 95 100 5564 
17/88. Fine Sandstone to Siltstone Shale 96 38 5602 
18/88. Shale 99 46 5655 
19/88. Calcareous Sandstone to Siltstone 109 120 6051 
20/88. Sandstone to Siltstone and shale/clay 125 140 7036 
21/88. Fine Sandstone 133 60 7343 
22/88. Sandstone 135 40 7473 
23/88. Shale 139 34 7774 
24/88. Silty Shale 147 22 8066 
25/88. Silty Shale to shaly siltstone 152 24 8635 
26/88. Sandstone 160 86 9227 
27/88. Sandstone 175 163 10055 
28/88. Sandstone 176 347 10402 
29/88. Sandstone 185 600 11989 
30/88. Sandstone 185 600 12588 
31/88. Sandstone 186 265 12853 
32/88. Sandstone 189 630 13605 
33/88. Sandstone 189 630 14234 
34/88. Sandstone 191 800 15384 
35/88. Conglomeratic Sandstone 192 200 15584 


TABLE: 3.1.2. THE MEGA SCOPIC DESCRIPTION OF THE SAMPLES 
FROM THE KHEWRA SANDSTONE EXPOSED AT 
KHEWRA GORGE. 


KH-KHS-1/88. 

GYPSEOUS MARL: Bright red to light red weather same, soft, fine grained, 
occasionally silty, poorly, bedded, slumped, 50% clay, 40% carbonate minerals, 10% silt, 
gives strong effervescence with dilute HCl and poorly porous. 


KH-KHS-2/88. 

SILTY SHALE/CLAY: Purple brown, weather same, soft, fine grained, bedding- 
distorted, slumped, 60% clay, 35% silt, 5% carbonate material, gives medium 
effervescence with dilute HCI and poorly porous. 


KH-KHS-3/88. 

SILTSTONE TO FINE GRAINED SANDSTONE: Brown to dark brown, weathers 
same, hard to medium hard, fine grained, cross bedded, micaceous at bedding surfaces, 
90% fine silt to fine sandstone, 10% clay/carbonate material, when reaction takes places 
with dilute HCl gives medium effervescence, poorly porous. 


KH-KHS-4/88. 

SILTY SHALE TO SILTY CLAY: Dark brown to purple brown, weathers same, soft to 
medium hard, fine grained, clayey, bedding distorted, 60% clay, 30% silt, 10% carbonate 
material, gives effervescence with dilute HCl, poorly porous. 


KH-KHS-5/88. 

SILTSTONE TO FINE GRAINED SANDSTONE: Grey, weathers reddish grey, fine 
grained, silty, cross bedded, lenticular bedded, 90% silt and fine sandstone, 10% clay, 
gives strong effervescence with dilute HCl, it appears that the carbonate minerals (calcite, 
dolomite) are randomly distributed, gives strong effervescence in clayey portions and 
medium to light effervescence in silty/sandy portions, poorly porous, medium hard to 
hard. 


KH-KHS-6/88. 

SILTSTONE TO FINE SANDSTONE: Purple brown to brown, weathers same, fine 
grained, silty, cross bedded, lenticular bedded, hard to medium hard, subangular to 
subrounded, poor to moderately sorted, 90% silt to fine sandstone, 10% clay, gives 
effervescence with HCl, carbonate randomly distributed along the clays and in lenticular 
parts, poorly porous. 


KH-KHS-7/88. 

SILTY SHALE TO CLAY: Purple brown, weathers same, poorly bedded, fine grained, 
bedding distorted, slumped, 80% clay/shale, 20% silt, gives strong effervescence with 
dilute HCl in the more clayey parts, it is possible that the carbonate material is associated 
with the fine claey fractions, poorly porous. 


KH-KHS-8/88. 

SILTSTONE TO FINE SANDSTONE: Light brown to grey, weathers brownish grey, 
fine grained, poor to massive bedded, hard to medium hard, subangular to subrounded, 
cross bedded, thinly laminated, dolomitic, 80% siltstone to fine sandstone, 15% clay, 5% 
carbonate minerals, gives medium effervescence with dilute HCl, poorly porous, porosity 
blocked due to carbonates, it is likely that the carbonate is dolomitic in the sample. 


KH-KHS-9/88. 

SILTY SHALE TO CLAY: Purple brown to dark brown, weathers same, medium hard to 
soft, fine grained, poorly bedded, 90% clay, 10% silt and carbonates, gives strong 
effervescence with dilute HCl, poorly porous. 


KH-KHS-10/88. 

SILTY CLAY TO SHALE: Purple brown to dark brown, weathers same, fine grained, 
poorly bedded, slumped,80% clay, 15% silt, 5% carbonate material. It gives strong 
effervescence with dilute HCl, poorly porous. 


KH-KHS-10A/88. 

DOLOMITIC SILT TO FINE SANDSTONE: Light brownish grey to grayish, weathers 
dark brown and grey, medium hard to hard, fine grained, subangular to subrounded, 
displayed brecciation, brecciated parts display brown and greenish angular partings of 
clay, cross bedded, lenticular bedded, fractures filled with clayey material. It appears that 
clayey material intruded in fractures after the deposition of the material, 70% fine sand to 
siltstone, 15% clay, 15% carbonates, poorly porous, porosity blocked due to clayey and 
carbonate materials, sample appears to be dolomite. 


KH-KHS-11/88. 

FINE SANDSTONE TO DOLOMITIC SILTSTONE TO SILTY DOLOMITE: Light 
brown to greenish grey and grey, weathers to dark brown and greenish brown, medium 
hard to hard, fine grained to finely crystalline, crystals sub angular to subrounded, 
occasional angular, cross bedded, lenticular bedded, thinly laminated, fractures filled with 
clayey parting, occasionally coasrse sand grains observed. 100% siltstone to fine 
sandstone in one part and in the other part 60% siltstone to fine sandstone and 30% 
carbonates probably dolomite, 10% clay, gives strong effervescence with dilute HCl, 
poorly porous, porosity blocked due to clay and carbonate material. 


KH-KHS-12/88. 

DOLOMITIC SANDSTONE TO CLAYEY SILTSTONE: Greenish to purple brown, 
weathers brownish grey, medium hard to hard, fine grained to finely crystalline, 
subangular to subrounded, poorly bedded, bedding distorted, weathered, fractured, 
slumped, 80% silt, 20% clay, in some other parts 70% silt, 20% clay and 10% carbonates, 
give medium to strong effervescence with dilute HCl, poorly porous, porosity blocked by 
carbonates and clayey materials. 


KH-KHS-13/88. 

FINE SANDSTONE TO SILTSTONE: Light brown o grayish brown, weathers dark 
grey, medium hard to hard, fine grained, subangular to subrounded, fractured, thinly 
laminated, thinly bedded, cross bedded, 90% siltstone to fine sandstone, 10% clay and 
carbonate material, gives medium to strong effervescence, poorly porous. Porosity 
blocked by clay and carbonate material, weathered due to chemical weathering and 
displays solution holes along the bedding planes, solution holes produced due to removal 
of carbonate material. 


KH-KHS-14/88. 

SANDY SILTY CALCAREOUS NODULE: Light brown to dark brown, weathers same, 
medium hard to hard, fine grained to finely crystalline, lenticular bedded, cross bedded, 
dark brown and light brown beds, alternate bedding indicate the variation in mineral 
composition, comparatively dark brown concentric beds surround the light brown 
concretionary material, 40% silty sand to sandy silt stone, 20% silty clay, 40% carbonate 
material, hard, iron minerals expected, semirounded to eleongated, gives strong 
effervescence with dilute HCl, impervious, elongation size is 65 cm. 


KH-KHS-14A/88. 

SILTY SHALE TO SHALE: Reddish brown to purple brown to greenish grey, weathers 
same, medium hard to soft, fine grained thinly bedded, thinly laminated, occasionally 
lenticular bedded, concretionary, 90% shale/clay, 10% silt, micaceous, calcareous, gives 
slight to medium effervescence, slight effervescence with the greenish grey material and 
medium effervescence in the reddish brown parts when material is reacted with dilute 
HCl. It displays concretions and nodules and concretions may be mostly carbonates with 
some iron minerals. (For nodules please refer samples No. KH-KHS-14/88). 


KH-KHS-15/88. 

SILTY SANDY CALCAREOUS NODULE: Whitish grey to brownish grey weathers to 
dark brown, medium hard to hard, fine grained to finely crystalline, lenticular bedded, 
cross bedded, concretionary, nodule, 40% silty sand to sandy silt. 40% minerals, 20% 
silty clay, gives strong effervescence with dilute HCL, impervious, semi-rounded in 
shape, evidence for removal of concretionary material observed, heavy, iron minerals 
may be expected. 


KH-KHS-15A/88. 

SHALE: Dark brown to purple brown, weathers same, medium hard, lenticular bedded to 
thinly bedded, 90% shale, 10% silt, calcareous, gives medium effervescence with dilute 
HCI, grey greenish part of the shale appear to be micaceous and chloritic, impervious. 


KH-KHS-15B/88. 

CALCAREOUS SANDSTONE TO SANDY DOLOMITE: Greenish grey to light grey, 
weathers dark brown to purplish, medium hard, lenticular bedded, 50% sandy silt and 
fine sandstone, 10% argillaceous clay material, 40% carbonate minerals, micaceous, 
more micaceous at bedding surfaces, impression of animal tracks observes, impressions 
and casts of animal probable, impressions of trilobites probable, gives effervescence with 
dilute HCl, impervious, porosity blocked due to clayey and carbonate materials. 


KH-KHS-16/88. 

SILTY SHALE: Purple brown the dark brown to greenish grey, weathers to dark brown, 
medium hard, silty, sandy, fine grained, thinly bedded, lenticular bedded, thin beds of silt 
and carbonate material appear to be cross bedded, fresh colour appears to be greenish 
grey and weathers into dark brown, to brown highly calcareous, 90% clay/shale, 10% 
carbonate minerals, gives strong effervescence with dilute HCl, impervious, occasionally 
random distribution of greenish grey and dark brown colour are observed. 


KH-KHS-16A/88. 

DOLOMITIC SANDSTONE TO SILTY DOLOMITE: Light brown to whitish brown, 
weathered to purple and dark browns, medium, to hard, fine grained to finely crystalline, 
lenticular bedded, concretionary, fragments fossil embedded in silty material, fragments 
of shale embedded display brown and greenish colour, chloritic, 40% siltstone to silty 
sandstone, 40% carbonates, 20% silty clay, gives strong effervescence with dilute HCl, 
impervious, porosity blocked due to clay and carbonate minerals. 


KH-KHS-17/88. 

FINE SANDSTONE TO SILTSTONE: Light brown to grayish brown, weathers grey to 
brownish grey, medium hard fine grained, subangular to subrounded, lenticular bedded, 
cross bedded, 80% silty to siltstone, 20% clay, calcareous, poorly porous. 


KH-KHS-18/88. 

SHALE: Dark brown to greenish brown, weathers same, medium hard, thinly bedded, 
micaceous, more mica at bedding surfaces, alternation of greenish white and brown bands 
observed, calcareous, 90% clay and shale, 10% carbonate material, impervious, gives 
effervescence with dilute HCl. 


KH-KHS-19/88. 

CALCAREDUS SNADSTONE TO SILTSTONE: Light brown to dirty and grey, 
weathers to dark brown, medium hard to hard, fine grained to finely crystalline, lenticular 
bedded, cross bedded, concretionary, nodular, 50% siltstone to sandstone, 40% carbonate 
minerals, 10% silty clay, porosity blocked to clay and carbonate minerals, impervious. 


KH-KHS-20/88. 

SANDSTONE TO SILTSTONE: Light brown to brown, weathers greenish brown, 
medium hard to hard, fine grained, grains of fine sand and silt fraction, thinly laminated, 
cross bedded, silty, calcareous, 90% siltstone to fine sandstone, 10% silty clay, poorly 
porous. 


SHALE/CLAY: Purple brown to greenish prey, weathers same, medium hard soft, fine 
grained, thinly bedded, lenticular bedded with silty lenticular beds, 90% clay/shale, 10% 
silt, gives effervescence with dilute HCl and hence calcareous, impervious. 


KH-KHS-21/88. 

FINE GRAINED SANDSTONE: Purple brown, weathers to whitish brown, medium hard 
to hard, fine grained, grains subangular to subrounded, cross bedded slightly calcareous, 
90% siltstone to fine sandstone, 10% silty clay, poor to fairly porous. 


KH-KHS-22/88. 

SANDSTONE: Purple brown to dark brown, weathers to grayish brown, medium hard, 
fine grained, lenticular bedded, thinly bedded, cross bedded, 90% siltstone to fine 
sandstone, 10% silty clay, slightly calcareous, poor to fairly porous. 


KH-KHS-23/88. 
SHALE: Dark brown to purple brown, weathers same, medium hard to soft, fine grained, 
thinly bedded, silty, slightly calcareous, 90% shale/clay, 10% siltstone, impervious. 


KH-KHS-24/88. 

SILTY SHALE: Dark brown to greenish grey, weathers same, medium hard, fine 
grained, highly micaceous, more mica at bedding surfaces, thinly bedded, thinly 
laminated, 70% clay/shale, 30% silt, brownish part slight calcareous, impervious, 
brownish parts gives slight effervescence with dilute HCl, impressions of animals may be 
expected. 


KH-KHS-25/88. 

SILTY SHALE TO SHALY SILTSTONE: Dark brown to purple brown to greenish grey, 
weathers same, medium hard to soft, thinly bedded, thinly laminated lenticular bedded, 
silty parts more cross bedded, impressions of fossils probable, micaceous, more mica at 
bedding surface, greenish grey part slightly calcareous, silty part dolomitic, impervious, 
90% shale/clay and 10% siltstone. 


KH-KHS-26/88. 

SANDSTONE: Purple brown to brown, weathers whitish grey, medium hard, fine 
grained, lenticular bedded, laminated, cross bedded, slightly calcareous, 95% siltstone to 
fine sandstone, 5% silty clay. 


KH-KHS-27/88. 

SANDSTONE: Purple brown to brown, weathers grayish white, medium hard to hard, fine 
grained, laminated, lenticular bedded, cross bedded, poor to fairly porous, 95% siltstone to 
fine sandstone, 5% silty clay. 


KH-KHS-28/88. 

SNADSTONE: Purple brown to brown, weathers to whitish grey, thinly laminated, lenticular 
bedded, cross-bedded, medium hard, fine grained, grains subangular to subrounded, fairly 
porous, slightly calcareous to non calcareous, 95% siltstone to fine sandstone, 5% silty clay. 


KH-KHS-29/88. 

SNADSTONE: Yellowish brown to reddish brown, weathers to grayish white, medium hard, 
fine to medium grained, thinly laminated, cross bedded, lenticular bedded, 95% sandstone, 
5% silty clay to silt and fairly porous. 


KH-KHS-30/88. 

SANDSTONE: Light brown to whitish brown, weathers to dirty grey to grey, medium hard, 
fine to medium grained, lenticular bedded, cross bedded, slightly calcareous, 95% sandstone, 
5% silty clay, fairly porous. 


KH-KHS-31/88. 

SANDSTONE: Light brown to Yellowish brown, weathers to brownish grey, medium hard, 
medium grained, subangular to subrounded, occasionally silty, occasionally friable, non 
calcareous, 100% sandstone, fairly porous. 


KH-KHS-32/88. 

SANDSTONE: Light brown to brown, weathered to dirty brown, medium hard, fine to 
medium grained, subangular to subrounded, micaceous, silty, sandy, inclusions of coarse 
grains of sand in fine grains common, occasionally friable, 100% sandstone, cross bedded, 
lenticular bedded, fairly porous. 


KH-KHS-33/88. 

SANDSTONE: Light brown to brown, weathers to dirty brown, medium to coarse grained, 
lenticular bedded cross bedded, inclusion of shaly clayey material common, brecciated, 
concretionary, 95% sandstone, 5% siltstone, highly porous. 


KH-KHS-34/88. 

SANDSTONE: Dirty white to Yellowish white, weathers to dirty brown and whitish brown, 
medium hard to friable, coarse grained to fine grained, fractured, non calcareous, 100% 
sandstone, highly porous. 


KH-KHS-35/88. 

CONGLOMERATE: Dirty white to brownish white, weathers to dirty white and dirty grey, 
coarse to very coarse grained with pebbles and gravels of quartz, angular fragments of shelve 
and several other rocks common, 90% pebble gravels of quartz, 10% pebbles, gravels and 
angular fragments of others rocks, medium hard to friable, non calcareous, highly porous. 


TABLE 3.1.3. GENERAL LITHOLOGY OF THE MAJOR BEDS AND SAMPLES OBTAINED FROM THE 
KHEWRA SANDSTONE EXPOSED AT KHEWRA GORGE 

THICKNESS MAJOR MICRO SAMPLE MAIN GENERAL LITHOLOGY APPROXIMATE 

MAJOR BEDS BEDS BEDS KH-KHS LITHOLOGY PERCENTAGTE 

(cm) 

UNIT-A. 

- - - 1/88 Gypseous marl Gypseous marl Gypseous marl 100% 

300 1 2/88 Silty shale/clay Shale intercalating sandstone Shale 90%,sandstone 10% 
(Base) 

- - - 3/88 Siltstone to fine -do- -do- 
sandstone (Top) 

600 2 4/88 Silty shale to Shale intercalating sandstone Shale 90%,sandstone 10% 
silty clay 

70 3 4 5/88 Siltstone to fine Sandstone/siltstone intercalated Sandstone 70%,shale 30% 
sandstone with shale 

320 4 - - Shale intercalating sandstone Shale 70%,sandstone 10% 

350 5 5 6/88 Siltstone to fine Sandstone intercalating shale Shale 70%,sandstone 30% 
sandstone 

- - - 7/88 Silty shale to -do- -do- 
clay 

840 6 - - Intercalation of sandstone and Shale 90%,sandstone 10% 

shale 

90 7 5 8/88 Siltstone to fine Shale intercalating Shale 70%,sandstone 30% 
sandstone sandstone/siltstone 

70 8 9/88 Silty shale to Shale Shale 100% 
clay 

100 9 3 - - Shale interbedded with sandstone Shale 70%,sandstone 30% 

80 10 2 - - Shale interbedded with sandstone Shale 95%,sandstone 5% 

130 11 6 - - Shale intercalating sandstone Shale 70%.sandstone 30% 

200 12 0 - - Sandstone intercalating shale Sandstone 70%,shale 30% 

90 13 0 - - Shale intercalating sandstone Shale 90%,Sandstone 10% 

166 14 2 - - Shale interbedded with sandstone Shale 50%,Sandstone 50% 

102 15 - - Sandstone Sandstone 100% 

98 16 6 - - Sandstone interbedded with shale Sandstone 50%,Shale 50% 

89 17 4 - - Sandstone intercalating shale Sandstone 50%,shale 50% 

58 18 6 - - Sandstone intercalated with shale Sandstone 50%,shale 50% 

46 19 5 - - Sandstone interbedded with shale Sandstone 50%,shale 50% 

21 20 - - Shale Shale 100% 

10 21 - - Sandstone Sandstone 100% 

13 22 - - Shale Shale 100% 

30 23 5 - - Shale intercalating sandstone Shale 50%,sandstone 50% 

120 24 10/88 Silty clay to Shale with lenticular beds of Shale 80%,sandstone 20% 
shale siltstone/sandstone 

21 25 - - Sandstone Sandstone 100% 

6 26 - - Shale Shale 100% 

47 27 - - Sandstone Sandstone 100% 

49 28 Z - - Sandstone intercalating shale Sandstone 50%,shale 50% 

46 29 3 - - Sandstone intercalating shale Sandstone 50%,shale 50% 

45 30 5 - - Sandstone intercalating shale Sandstone 50%,shale 50% 

13 31 - - Sandstone Sandstone 100% 

2 32 - - Shale Shale 100% 

12 33 - - Sandstone Sandstone 100% 

32 34 6 - - Sandstone intercalating shale Sandstone 50%,shale 50% 

10 35 3 - - Sandstone intercalating shale Sandstone 50%,shale 50% 

72 36 - - Sandstone Sandstone 100% 

8 37 - - Shale Shale 100% 

5 38 - - Sandstone Sandstone 100% 

3 39 - - Shale Shale 100% 

22 40 - - Sandstone Sandstone 100% 

18 41 - - Shale Shale 100% 

15 42 - - Sandstone Sandstone 100% 

10 43 - - Shale Shale 100% 

5 44 - - Sandstone Sandstone 100% 

1 45 - - Shale Shale 100% 

12 46 - - Sandstone Sandstone 100% 

8 47 - - Shale Shale 100% 

13 48 - - Sandstone interbedded with shale Shale 50%,sandstone 50% 
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TABLE:3.1.4.SHOWING THE SAND-SHALE RATIOS OF THE KHEWRA SANDTONE AT KHEWRA GORGE 


MAJOR TOTAL FIELD PERCENTAGE ACTUAL SAND- 
BED NO THICKNESS SHALE (%) SANDSTONE SAND SHALE SHALE 
(cm) (%) (cm) (cm) RATIO 
UNIT-A. 
1 300 90 10 30 270 0.11 
2 600 90 10 60 540 0.11 
3 70 30 70 49 21 2.33 
4 320 90 10 32 288 0.11 
5 350 70 30 105 245 0.42 
6 840 90 10 84 756 0.11 
7 90 70 30 27 63 0.42 
8 70 100 - - 70 0.00 
9 100 70 30 30 70 0.42 
10 80 90 10 8 72 0.11 
11 130 70 30 39 91 0.42 
12 200 70 30 60 140 0.42 
13 90 90 10 9 81 0.11 
14 166 50 50 83 83 1.00 
15 102 - 100 102 - 0.00 
16 98 50 50 49 49 1.00 
17 89 50 50 44.5 44.5 1.00 
18 58 50 50 29 29 1.00 
19 46 50 50 23 23 1.00 
20 21 100 - - 21 0.00 
21 10 - 100 10 - 0.00 
22 13 100 - - 13 0.00 
23 30 50 50 15 15 1.00 
24 120 80 20 24 96 0.25 
25 21 - 100 21 - 0.00 
26 6 100 - - 6 0.00 
27 47 - 100 47 - 0.00 
28 49 50 50 24.5 24.5 1.00 
29 46 50 50 23 23 1.00 
30 45 50 50 25:5 25.5 1.00 
31 13 - 100 13 - 0.00 
32 2 100 - - 2 0.00 
33 12 - 100 - 12 0.00 
34 32 50 50 16 16 1.00 
35 10 50 50 5 5 1.00 
36 72 - 100 72 - 0.00 
37 8 100 - - 8 0.00 
38 5 - 100 5 - 0.00 
39 3 100 - - 3 0.00 
40 22 - 100 22 0.00 
41 18 100 - - 18 0.00 
42 15 - 100 15 - 0.00 
43 10 100 - - 10 0.00 
44 5 - 100 2) - 0.00 
45 1 100 - - 1 0.00 
46 12 - 100 12 - 0.00 
47 8 100 - - 0.00 


49 17 50 50 
50 59 50 50 
31 48 50 50 
52 32 - 100 
53 82 50 50 
54 16 50 50 
55 31 100 - 
56 30 7 100 
57 3 100 - 
58 8 2 100 
59 2 100 - 
60 7 - 100 
61 6 100 - 
62 40 - 100 
63 5 100 - 
64 50 - 100 
65 8 100 - 
66 66 - 100 
67 3 100 - 
68 22 - 100 
69 3 100 - 
70 17 - 100 
71 5 100 - 
72 3 - 100 
73 3 100 - 
74 2 - 100 
75 4 100 - 
76 4 - 4 
77 5 100 - 
78 10 - 100 
79 2 100 - 
80 1 - 100 
81 2 - 100 
82 5 100 - 
83 30 - 100 
84 14 - 100 
85 29 50 50 
86 65 50 50 
87 44 50 50 
88 22 100 - 
89 15 - 100 
90 40 - 100 
91 31 50 50 
92 31 50 50 
93 34 - 100 
94 40 50 50 
95 100 50 50 
UNIT-B 

96 38 - 100 
97 16 - 100 
98 36 10 90 
99 46 50 50 


Nt wl 


WE Mt WE Wt CO! 


1 omepi 


N 


153 172 - 100 172 - 0.00 


154 150 7 100 150 - 0.00 
155 18 50 50 9 9 1.00 
156 50 - 100 50 - 0.00 
157 12 50 50 6 6 1.00 
158 100 - 100 100 - 0.00 
159 4 100 : : 4 0.00 
160 86 - 100 86 - 0.00 
161 3 100 : - 3 0.00 
162 106 - 100 106 - 0.00 
163 6 100 - - 6 0.00 
164 60 - 100 60 - 0.00 
165 3 100 - 2 3 0.00 
166 108 - 100 108 - 0.00 
167 1 100 - - 1 0.00 
168 173 : 100 173 : 0.00 
169 1 100 - 1 0.00 
170 30 ‘ 100 30 7 0.00 
171 85 ¢ 100 85 7 0.00 
172 1 100 - - 1 0.00 
173 86 : 100 86 2 0.00 
174 2 100 7 - 2 0.00 
175 163 100 163 2 0.00 
176 347 : 100 347 : 0.00 
177 374 : 100 374 : 0.00 
178 153 : 100 153 - 0.00 
179 230 2 100 230 7 0.00 
180 139 : 100 139 : 0.00 
181 300 2 100 300 : 0.00 
182 5 100 - - 5 0.00 
183 383 < 100 383 : 0.00 
184 2 100 - - 2 0.00 
UNIT-C 
185 600 2 : 600 0.00 
186 265 ¢ : 265 : 0.00 
187 170 : 170 : 0.00 
188 580 2 580 7 0.00 
189 630 : 2 630 7 0.00 
190 350 : - 350 - 0.00 
191 800 : - 800 : 0.00 
192 200 : - 200 7 0.00 
SUMMARY OF THE TABLE: 3.i-4. 
MAJOR TOTAL ACTUAL FIELD PERCENTAGES SAND-SHALE 
BED NO iat all SHALE (cm) SAND (cm) SHALE (%) SAND (%) RATIO 
cm 
A 5565 3633 1932.0 65.29 34.71 0.53 
B 6424 254.5 6169.5 3.96 96.04 24.24 
Cc 3595 : 3595.0 2 100 0.00 
TOTAL = 15584 3887.5 11696.5 24.95 75.05 3.00 


3.1. THE PETROGRAPHIC STUDIES OF THE KHEWRA SANDSTONE 
EXPOSED AT THE KHEWRA GORGE 


3.11.1 INTRODUCTION: 
GENERAL: 


The Petrographic studies of the Khewra Sandstone were carried out to understand 
the detailed mineral composition of the Khewra Sandstone exposed at Khewra Gorge and 
to know the relations of the cement, pore and grains for a clear understanding of the 
diagenetic and burial history of the Khewra Sandstone. The nature of grains and cement 
are the guidelines to understand the processes responsible for closing the pores and, 
therefore, to understand the reservoir character of the formation. About 16 samples were 
studied for the petrographic studies of the Khewra Sandstone from Khewra Gorge. The 
thin sections were studied under a polarized microscope and the minerals were identified 
to know their mode of origin. Figure 3.11.1A shows the lithological log of the formation 
with the stratigraphic locations of the samples studied. 


3.11.2 METHODS OF INVESTIGATION: 


Thin sections were prepared according to the procedure given by Kerr (1959). All 
thin sections were studied under microscope in PPL and XPL. According to Selley 
(1976), physical maturity (Mp), chemical maturity (Mc) and net maturity (Mn) was 
caluculated by utilizing the formulae given in the section 1.11. for General Petrography. 


3.11.3 RESULTS: 
i. DETAILED DESCRIPTION OF THE SAMPLES. 


About sixteen representative samples were selected to investigate the mineralogy 
of the Khewra Sandstone. The percentages of minerals were determined, neglecting 
porosity, to compare the results with other workers. Table 3.11.1 provides the percentages 
of minerals of the Khewra Sandstone. The important observations about each sample are 
as follows: 


1. KH-KHS-3/88 

This sample shows subrounded quartz grains (35%). The iron oxides, clay 
minerals (chlorite, biotite) and the carbonates are present in the form of cementing 
material (65%). The flakes of mica are found parallel to the bedding planes of rocks. The 
sample shows low porosity due to diagenetic cement. 


2s KH-KHS-5/88. 

This sample displays grains of quartz (20%) which are fine grained and 
subrounded. Few grains of feldspar (1%) can also be seen. The sample shows grains of 
iron oxides. The iron oxides, few mica flakes, carbonates and abundant clays are present 
in the form of cementing material (79%). These cementing materials appear to be of 
diagenetic origin and due to this reason, the porosity of the sample is low. 
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3. KH-KHS-6/88. 

This sample shows subrounded to subangular quartz grains (29%) and few grains 
of feldspar (1%). The iron oxides, clay minerals like chlorite, carbonates and randomly 
oriented mica flakes are observed as cementing material (70%). Due to this diagenetic 
cementing material, the sample shows low porosity. The carbonate minerals are mostly 
calcite with occasional dolomite. 


4, KH-KHS-8/88. 

This sample displays subrounded to subangular quartz grains (25%) and few 
grains of feldspars (1%). The grains of iron oxides and glauconite can observed in this 
sample. The clay minerals, mica flakes, carbonates and amorphous iron oxides are 
present as cementing materials (74%). The flakes of mica can be seen parallel to the 
bedding planes of the rock. Due to the cementing material, which is of diagenetic origin, 
the sample shows low porosity. 


5. KH-KHS-10A/88. 

This sample shows quartz grains which are subrounded to subangular and 
fractured (76%). The quartz grains are comparatively coarser in size than the previous 
samples. The feldspar grains are also present (4%). The iron oxides, clay minerals such as 
chlorite and carbonates are present as cementing material (20%). Due to presence of 
diagenetic cementing materials, the porosity of the sample is low. The sample displays 
the subrounded grains of glauconite and other iron oxides. 


6. KH-KHS-11/88. 

This sample displays rounded to subrounded quartz grains (84%). The quartz 
grains are fine as well as coarse in size. The fractures can also be observed in the quartz 
grains. A few grains of feldspar (1%) are also present. The iron oxide, clay minerals and 
carbonates are present as cementing materials,(15%). The porosity of the sample is low. 


7s KH-KHS-12/88. 

This sample shows subrounded to angular quartz grains (40%) and few grains of 
feldspar (2%). The grains of iron oxides and glauconite can also be seen. The clay 
minerals like chlorite, carbonates and a few randomly oriented mica flakes are present as 
cementing material (58%) which is diagenetic in origin. The porosity of the sample is 
low. 


8. KH-KHS-15/88. 

This sample displays subrounded to subangular quartz grains (35%) and a few 
grains of feldspar (1%). Abundant grains of iron oxides and few grains of glauconite can 
also be seen. The iron oxides, clay minerals like chlorite and carbonates are present as 
cementing materials (64%). Due to this diagenetic cement, the porosity of the sample is 
low. The porosity is due to the arrangement of sand grains and fractures/stylolites and 
may be called as primary and secondary porosity, respectively. 


9. KH-KHS-15/88. 

This sample shows subrounded to subangular quartz grains 923%) and feldspar 
grains (1%). Grains of glauconite can also be seen. The iron oxides, clay minerals 
(chlorite and illite) and carbonates are present as cementing materials (76%). The 
cementing material appears to be of diagenetic origin and due to this, the porosity of the 
sample is low. 


10. KH-KHS-15A/88. 

This sample displays subrounded to sub-angular quartz grains (52%) and feldspar 
grains (3%) and feldspar grains (3%). The sample also shows grains of glauconite and 
iron oxides. The clay minerals like chlorite, randomly oriented mica flakes, carbonates 
and amorphous iron oxides are the cementing materials (45%). Due to this diagenetic 
cement the porosity of the sample is low. 


11. KH-KHS-15B/88. 

This sample displays rounded to angular quartz grains (45%) and few grains of 
feldspar (25). The sample also shows grains of iron oxides and glauconite. The clay 
minerals like chlorite, carbonates and iron oxides form the cement (53%). Due to this 
diagenetic cement, the porosity of the sample is low. 


12. KH-KHS-16A/88. 

This sample shows rounded to subangular quartz grains (56%) and a few grains of 
feldspars (1%). The grains of iron oxides and glauconite can also be seen. The clay 
minerals like chlorite, iron oxides and carbonates are present in the form of cementing 
materials (43%). The carbonate replaces the quartz grains. The porosity of the sample is 
low due to the cementing material. 


13. KH-KHS-17/88. 

This sample shows subrounded to subangular quartz grains (60%) and grains of 
feldspar (4%). Clay minerals like chlorite, illite etc., carbonates and abundant amount of 
iron oxides are present as cement (36%). The iron oxides form coating on the quartz 
grains. The sample shows medium porosity. The porosity is due to arrangements of the 
grains and fractures/stylolites and may be called as primary and secondary porosity, 
respectively. 


14. KH-KHS-19/88. 

This sample displays subrounded to subangular quartz grains (44%) and grains 
of feldspars (2%). The clay minerals like chlorite, few flakes of mica, small amount of 
carbonates and iron oxides are present as cement (54%). The iron oxides appear as a 
coating on the grains. The sample shows medium porosity. 


15. KH-KHS-25/88 

This sample shows rounded to subangular quartz grains (26%) and a few grains of 
feldspar (1%). Carbonates, abundant clay minerals and iron oxides are present as cement 
(73%). The iron oxidea re generally coated on grains. The sample shows medium 
porosity. 
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16. KH-KHS-29/88. 

This sample displays subrounded to angular quartz grains (70%) and few grains of 
feldspar (2%). Clay minerals, carbonates and abundant iron oxides are present as cement 
(28%). The iron oxides are present as coating material. The sample shows high porosity. 
The porosity may be called as primary and secondary porosity due to the arrangements of 
sand grains and fractures, respectively. 


3.1.4 DIAGENESIS AND POROSITY: 


These studies of individual samples indicate that most of the cementing materials 
are diagenetic and are responsible for blocking the porosity of the originally clean and 
porous sands. The approximate porosities were determined to understand the porosity of 
the Khewra Sandstone from its base to its top. The table 3.11.2 provides the approximate 
porosities of the samples. The table indicates that the porosity varies between 2-20% and 
gradually increases from the base to the top of the formation. The individual samples 
show permeability due to stylolites and fractures. The permeability is comparatively 
higher in the samples towards the top of the formation. The stylolites or fractures created 
due to pressure solutions are generally filled with the secondary cement, mostly clay 
minerals and carbonates, but some times these can be observed as communicating spaces 
between the pores. It is concluded that the higher permeability towards the top of the 
formation was created due to weathering of the sandstone after its sub-aerial exposure 
and erosion. The conglomeratic bed at the top of the formation marks the unconformity. 
The contribution to the porosity due to primary arrangements of the sand grains is 
important and may be called primary porosity. The porosity created due to 
fractures/stylolites may be called secondary porosity. 


3.1.5 CLASSIFICATION AND MATURITY OF THE KHEWRA SANDSTONE 


Figure 3.11.1 provides the petrographic classification of the Khewra Sandstone 
from the Khewra Gorge after Pettijohn (1954). This figure shows that the Khewra 
Sandstone exposed at the Khewra area is a greywacke as all points fall in the D area. The 
triangle displays that the matrix and quartz are the dominant factors in this classification. 
The third variable of the triangle including feldspars and rock fragments is not a very 
important factor. Table 3.11.1 gives the details of the data plotted. 
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Figure 3.11.2 provides the petrographic sub-classification of the Khewra 
Sandstones as a greywacke plotted after Gilbert et al, (1954). This figure shows that the 
Khewra Sandstone varies from lithic wackes to sub-felspathic lithic wackes in further 
sub-classification as most of the points lie in B and C areas of the triangle. The variables 
quartz and unstable fine grained rock fragments play an important part in this 
classification (Table 3.11.1). 


Figure 3.11.3 provides the textural and chemical maturity plot on a triangle with 
quartz, clay and feldspars as three variables after Selley (1976). Most of the points fall in 
area A, representing the area of quartz wackes. It is concluded that according to Selley 
(1976), the Khewra Sandstone can be classified as quartz wackes. This indicates that 
these sandstones are matured moderately for their chemical maturity (Table 3.11.1). 


Figure 3.11.4 displays the end member triangular classification of the Khewra 
Sandstone from Khewra Gorge for maturity indices after Selley (1976). The three 
variables, Mn (net maturity), Mp (physical maturity) and Mc (chemical maturity) (Table 
3.11.3) were calculated according to the formulae provided by Selley (1976). These 
variables are calculated from the percentage composition of matrix, stable grains and 
unstable grains. Figure 3.11.4 indicates that the samples of the Khewra Sandstone are 
chemically mature as the indices fall between 93.75 100% and display intermediate 
trends for physical maturity and high net maturity. The lower physical maturity is most 
likely due to the diagenetic cementing materials. 


Figure 3.11.5 displays the end member triangle to illustrate the composition of the 
Khewra Sandstone from Khewra Gorge as a function of textural maturity expressed as 
matrix, and chemical maturity expressed as unstable grains (Selley, 1976). The triangle 
includes three variables called as matrix, unstable grains and stable grains (after Selley, 
1976). The triangle shows that all points fall in a direction of increasing chemical 
maturity and, therefore, the Khewra Sandstone may be called a chemically matured 
sandstone (Table 3.11.1). 


3.11.6 DISCUSSION: 


The mineral composition, rock fragments and matrix (cementing material) were 
plotted on triangles given by Pettijohn (1954) and William et al, (1954). Figures 3.11.1 
and 3.11.2 provide these triangular plots for the classification of Khewra Sandstone from 
the Khewra Gorge. According to the results, Khewra Sandstone is found to be greywacke 
by Pettijohn and Lithic to subfelspathic lithic wacke by William et al, (1954). Tucker 
(1985) stated that the characteristic feature of graywackes is the fine grained matrix 
which which displays an intergrowth of chlorite, sericite and fine grains of quartz and 
feldspars. He stated that the graywackes are mostly Paleozoic and were associated with 
greenstones of eugeosynclinal fold belts. 
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A classification of the Khewra Sandstone from Khew 
of textural maturity and fej dspar as an index of c' 


ra Gorge based on the use of clay as an indicator 
hemical maturity. (After, Selly 1976). 


Selley (1985) stated that the graywackes are poorly sorted sandstones with 
abundant matrix, feldspar and or rock fragments. Selley (1976) stated the chemically 
immature wackes are the classic graywackes and defined them as textural immature sand 
with more than 15% matrix. He further stated that the matrix is a microcrystalline paste 
of clay minerals, sericite, chlorite, carbonates and quartz. The grains of the graywackes 
are poorly sorted and are commonly angular, where quartz is overshadowed by an 
abundance of other detrital minerals. According to Selley (1976) micas are abundant and 
included both muscovite and biotite. He stated that the presence of authigenic minerals 
and the corrosion of detrital grains indicates that some of the matrix is diagenetic in 
origin. He further strengthened his point by stating that typical wackes are largely Pre- 
Cambrian and Paleozoic in age. Selley (1976) concluded that due to increasing 
transportation, the quartz wackes lose their clay content with the genesis of a rock type 
which is called subgraywacke and may be found in both fluvial and deltaic facies. 


The compositon of the sandstones provides the idea about its chemical maturity, 
about its physical maturity and net maturity and, therefore, indicates the cycles of 
sedimentation. The chemically mature sediments are generally polycyclic in origin while 
chemically immature sand generally represents first cycle materials derived from igneous 
and high grade metamorphic rock. The Khewra Sandstone exposed at Khewra Gorge 
appears to be of polycyclic in origin. 


The petrographic classification of the sandstone, according to Selley (1976), 
provides the idea about the nature of sandstone and displays that these sandstones are 
actually quartz wackes or lithic wackes (Fig 3.11.3). The sandstone are chemically mature 
as the indices fall between 93.75 to 100% and display intermediate trends for physical 
maturity and high net maturity. The intermediate trends for the physical maturity of the 
Khewra Sandstone are due to the presence of diagenetic cement found in the Khewra 
Sandstone after its deposition. The net maturities are the resultant maturities. It is, 
therefore, concluded that Khewra Sandstone was deposited as a chemically and 
physically mature sandstone. It is, therefore concluded that these sandstones are 
polycyclic (eroded sedimentary sandstones) and were transported into the depositional 
basin after travailing reasonable distances through oxidizing conditions and were 
deposited into deltaic environment (Selley, 1976). The red colour of the sandstones due 
to coating of the iron oxide on the quartz grains which was partly due to oxidation on the 
continent and partly due to diagenetic solutions rich in the dissolved iron oxides. 


The presence of high amount of cementing material in the sandstone is due to the 
presence of diagenetic cement originated due to diagenetic solutions of iron oxides, 


Mp= 0 


Increasing Chemical maturity, (Mc) 


Fig:3-7-G End member triangle in which the Khewra Sandstone from Khewra Gorge is plotted to illustrate its 
maturity indices expressed as the percentage composition of matrix, stable and unstahle grains. 
(After, Selly 1976). 


carbonates, finely crystalline silica and some diagenetic clays such as sericite, chlorite 
and the mixed layer clay minerals. It is likely that originally the matrix in these 
sandstones was not as high as it is present now and is falsely represented as a greywacke 
in most of the samples. It is, therefore, concluded that petrographically these sandstones 
were partly lithic wackes of delta front environment and partly deltaic. 


A quick review of the Pre-Cambrian deposits in Salt Range indicates that Pre- 
Cambrian rocks contain mostly evaporates, carbonates, sandstone, marls, shales and 
basalts. The Cambrian rocks mostly contain deltaic sandstones, turbidite type of facies, 
shoreline facies, intertidal facies and lagoonal facies. A review on the type of sediments 
and basin indicates that the Khewra Sandstone from Khewra Gorge was deposited in 
basin resembling from epicratonic to miogeosyncline. 


3.1.7 SUMMARY AND CONCLUSION: 


1. The grains of Khewra Sandstone include mainly quartz grains with some 
feldspars and rock fragments. The cementing materials are carbonates, iron 
oxides and clay minerals with some silica. The cement is mainly diagenetic in 
origin. 


il. The Khewra Sandstone appears to be a gray wacke on the triangular plot provided 
by Pettijohn (1954). 


iil, The petrography of the Khewra Sandstone on the triangular plot of William et al, 
(1954) indicates that these sandstones vary from lithic wackes to sub-felspathic 
lithic wackes. 


Iv. The Khewra Sandstone may be classified as quartz wackes and as a chemically 
matured sandstone according to the classification provided by Selley (1976). 


Wi The Khewra Sandstone was deposited as a polycyclic sedimentary material into 
the depositional basin. 


Vi. The depositional basin of the Khewra Sandstone may be classified as a basin 
from epicratonic to miogeosyncline. 


Stable Grains 


maturity 


Unstable 
Matrix Grains 


Figs -“2GEnd member triangle illustratesthe composition of the Khewra Sandstone from Khewra Gorge 
is a function both of its textural maturity, expressed as matrix “content, and of chemical 
maturity, expressed as unstable grains. (After, Selly 1976). 


TABLE. 3.ii.1. THE TABLE SHOWS PERCENTAGES OF INDIVIDUAL MINERALS OF 
KHEWRA SANDSTONE FORM KHEWRA GORGE, IGNORING POROSITY. 


Thin Section % of Quartz % of Matrix % of Feldspar 

KH-KHS- 

3/88. a5 65 - 
5/88. 20 79 1 
6/88. 29 70 1 
8/88. 25 74 1 
10A/88. 76 20 4 
11/88. 84 15 1 
12/88. 40 58 2 
15/88. 23 64 1 
15/88. 23 76 1 
15A/88 52 45 3 
15B/88. 45 53 2 
16A/88. 56 43 1 
17/88. 60 36 4 
19/88. 44 54 2 
25/88. 26 ei) 1 
29/88. 70 20 2 


TABLE: 3.11.2. THE TABLE PROVIDES THE POROSITY OF ALL THE SAMPLES OF THE 
KHEWRA SANDTONE EXPOSED AT KHEWRA GORGE, IGRORING PROOSITY. 


Sample No. Porosity (%) 


KH-KHS- 
3/88. 
5/88. 
6/88. 
8/88. 
10A/88. 
11/88. 
12/88. 
15/88. 
15/88. 
15A/88. 
15B/88. 
16A/88. 
17/88. 
19/88. 
25/88. 
29/88. 
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TABLE: 3.ii.3. THE TABLE SHOWS THE PHYSICAL, CHEMICAL AND NET MATURITIES OF 
THE KHEWRA SANDSTONE EXPOSED AT KHEWRA GORGE. 


Sample No. Physical Chemical Net 
Maturity Maturity Maturity 
(Mp) (Mc) (Mn) 
KH-KHA- 
3/88. 35 100 67.5 
5/88. 20.20 95.24 57.12 
6/88. 29.29 96.67 62.98 
8/88. Zoned 96.15 60.7 
10A/88. IoAT 95 87.09 
11/88. 84.85 98.82 91.84 
12/88. 40.82 95.24 68.03 
15/88. Biers.) Tee 66.29 
15/88. 23.23 95.83 59.53 
15A/88. 53,01 84.55 74.08 
15B/88. 45.92 95.74 70.83 
16A/88. 56.57 98.25 77 Al 
17/88. 62.5 93.75 78.13 
19/88. 44.90 95.65 70.28 
25/88. 26.26 96.30 61.28 
29/88. 71.43 97.22 84.33 


3.1 THE NANO-CLAY MINERAL STUDIES OF KHEWRA SANDSTONE 
EXPOSED AT KHEWRA GORGE 


3.11.1 ABSTRACT 


The detailed investigations were conducted to understand the Nano-clay mineral 
composition of the Khewra Sandstone exposed at the Khewra Gorge, Salt Range. The 
oriented clay mineral slides were prepared for X-ray analysis to study Nano-clays and 
representing less than 5 u fraction. The X-ray diffraction studies indicate that the 
dominant clay mineral in the formation is the illite clay mineral, along with subordinate 
mixed layer clays in the Khewra Sandstone. The experimental studies indicate that the 
mixed layer clay is a random mixture of illite and chlorite. The mineral chlorite is the 
third dominant clay mineral. These investigations reveal that genetically the illite and 
chlorite are the detrital clay minerals brought into the depositional basin due to erosion of 
the sedimentary and metamorphic source rocks. The origin of the random mixed layer 
clay mineral has been interpreted as the diagenetic clay mineral in the Khewra Sandstone. 
The temperatures and pressures during burial diagenesis were not high enough to create 
regularity in the random mixture of illite and chlorite. 


3.11.2 INTRODUCTION: 


The studies about the Nano-clay mineral composition have not been conducted 
for Khewra Sandstone to understand the nature of clay minerals. Shah (1977) gave the 
details about the previous field and palaeontological studies conducted about the Khewra 
Sandstone. The Nano-clay minerals in the Khewra Sandstone were studied to understand 
their distribution, mineral composition, genesis and relations of Nano-clay minerals 
particles with the porosity of the sandstone. Sixty five samples were selected for the 
Nano-clay mineral analyses from the base to the top of the formation to achieve the 
above mentioned objectives. These samples represent all lithological variations and 
lithological units of the formation. Table 3.i11.1 provides the lithological details of the 
samples with their position in the respective unit. Figure 3.111.1 gives the lithological log 
and stratigraphic position of the samples. 


3.11.3 METHODS OF INVESTIGATIONS: 


The samples were gently crushed to prepare a fine powder which was used to take 
the random powder X-ray diffractograms of the whole samples. The oriented slides for 
clay mineral X-ray diffraction analysis were prepared by sedimenting the samples in de- 
ionized water for 35 miutes and obtained a fraction of less than 5 p grain size. This 
fraction was taken on a glass slide and by evaporating the water, a thin clay mineral film 
was obtained on the glass slide. Four slides were prepared for each samples. The first 
slide was run for normal clay mineral analysis. The 2" slide was glycolated at 60°C for 
about an hour to find any expansion on glycolation. The 3™ slide was heated for an hour 
at 550°C to know the effect of heat on different clay minerals and 4" was acid digested 
with dilute hydrochloric acid to understand the effect of acid on original clay minerals. 


Brown (1961) has given the details for the preparation of clay mineral samples and the 
interpretation of the X-ray diffractograms for clay minerals composition. Baqri (1977, 
1978) provided the details for the semi-quantitative analysis of the clay minerals. The 
crystallinity index of illite was detected by measuring the width of illite peak at half 
height in mm observed at 10A°. The crystallinity index is inversely proportional to the 
actual crystallinity. 


3.11.4 RUSULTS: 
1. Random powder analyses (General minerals). 


Random powder data was obtained by running the fine powder on X-ray with 
scan range from 2 to 65° 20. The random powder diffractograms provided the reflections 
of quartz, feldspar, calcite, dolomite, ankerite, haematite, apatite, mica and chlorite 
minerals (Fig. 3.11.4). The reflections of quartz and feldspar were observed in all 
samples, while the reflections of calcite, dolomite and ankerite were noted in a few 
samples and especially in the samples of carbonate nodules. Weak reflections of gypsum 
and halite were also observed. The apatite reflections were obtained only in a few 
samples. The mineral goethite reflections were also observed in the samples from the top 
of the formation. Fig. 3.11.4 provides the random powder diffractiogram of a 
representative samples in range from 19 diffractogram of a representative samples in 
range from 19° to 34° 20. The sharp reflections of quartz, feldspar, dolomite and calcite 
may be noted. 


2. Oriented slide analyses (Nano-Clay Minerals). 


The diffractograms of Nano-clay minerals were obtained by running the oriented 
slides to scan the range from 2 to 35° 20 to understand the behavior of clay mineral 
reflections in the oriented slides. Figure 3.iii1.1 gives the distribution of clay minerals in 
the Khewra Sandstone with respect to lithology in units A, B and C. Figure 3.111.3A, 
3.111.3B, 3.111.3C, 3.111.3D, 3.111.3E, 3.111.3F and 3.11i.3G provide the nature of the clay 
minerals in the Khewra Sandstone from base to the top, respectively. 


The clay minerals did not give strong reflections in samples of unit C and this 
could be due to the presence of lesser quantities of clays in the Unit C. Figure 3.ii1.3A 
gives the nature of the clay mineral reflections in the upper unit (Unit C). The mixed 
layer clay mineral was not observed in the unit with the exception of only one sample. 
The reflections of illite were noted in most of the samples. The sharp reflections of 
chlorite were observed in one samples while 2 samples gave poor reflections at the place 
of chlorite. It is therefore, concluded that the clay minerals in the upper unit are illitic 
clays with minor quantity of chlorite and mixed layer clay mineral. Table 3.iii.1 and 
Figure 3.iii.2 give the reflections of clay minerals obtained by an oriented slide of the 
Unite C. from 5 to 32° 20. The figure shows prominent reflections of illite and chlorite. In 
addition to clay minerals the reflections of quartz, feldspar and dolomite may also be 
observed in Fig. 3.111.2. Table 3.i11.1 gives the semi-quantitative analyses of the clay 
minerals investigated in unit C. The illite is 95.6%, the mixed layer clay mineral is 1.5% 
and the chlorite is 2.9%. 
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Figures 3.111.3A, 3.111.3B, 3.111.3C, 3.111.3D and 3.111.3E provide the nature of clay 
mineral reflections from the samples of the middle unit (unit B). The semi-quantitative 
analysis (Baqri, 1977) indicate that illite is the dominant clay mineral, which is about 
85.3% (table 3.11.1). The second dominant clay mineral is the mixed layer clay mineral 
(average 9.6%) in unit B. Chlorite is the least mineral in middle unit and is about 5.1% 
(table 3.111.1). Table 3.111.1 provides the details of semi-quantitative analysis of clay 
minerals in the upper, middle and lower units. The mixed layer clay mineral appears to be 
a random mixture of illite and chlorite and mostly occurs as a long tail of the 10A° illite 
reflection towards low angle 20. It did not show any expansion on glycolation but 
contracted on heating at 550°C. The chlorite reflections were obtained at 14A°, which did 
not show much change on heating but shifted its place on glycolation. It is also probable 
that the illite mineral has been degraded into a mixed layer clay mineral forming a 
mixture of illite and chlorite. 


The lower unit (unit A) consists of mainly illite, chlorite and mixed layer clay 
mineral. Figure 3.111.3F and 3.111.3G provide the nature of clay mineral reflections. The 
illite mineral gave a reflection at about 9.98A° which did not expand on glycolation but 
contracted on heating. [llite is the most abundant mineral in Unit A and is about 84.0% 
(table 3.iii.1). The mixed layer clay mineral appears as a long tail reflection of 10A° illite 
peak towards low angle 20. The mixed layer clay mineral appears to be random mixture 
of illite and chlorite and amounts to be about 9.4%. The chlorite mineral gave its 
reflection at 14A° which did not expand on glycolation and increased in intensity on 
heating at 550°C It reflects the contraction of some mixed layer clay mineral with 
chlorite. It is about 6.6%. 


The crystallinity indices of the illite peak at the half height of the illite 10A° 
reflection were determined in all the samples. Table 3.1ii.1 gives the crystallinity indices 
of the respective samples of units A, B and C and Figure 3.111.1 displays the variations of 
the crystallinity indices from the base to the top of the formation. The average 
crystallinity index of the illite is 0.3 in the Khewra Sandstone. The average crystallinity 
indices in units A, B and C are 0.2, 0.3 and 0.5, respectively. 


3.11.5 DISCUSSION: 


The Nano-illite clay minerals in the Khewra Sandstone appear to be detrital in 
origin (Weaver and Pollard, 1973) and were transported into the depositional basin due to 
the erosion of older sedimentary rocks or metamorphic rocks. Weaver (1967) stated that 
much of the Palaeozoic and Pre-cambrian illite was formed on land rather than in ocean 
and it is most likely that illite deposited in Khewra Sandstone was transported from the 
continents during Cambrian times. 
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~ Fig: 3iii2, The reflections cf illite. chlorite, quartz, feldspars and dolomite observed in the oriented slide, of a representative 


sample. (A.45) 


Dunoyer de Seganzac (1970) stated that most of the Palaeozoic rocks especially shales 
and siltstones included the illite and chlorite. It is probable that illite in the sandstone has 
been converted into the mixed layer clay mineral due to addition of sodium and 
magnesium (Weaver, 1967, Weaver and Pollard, 1973). The presence of the sodium and 
magnesium ions has been indicated by the presence of salt and chlorite in the different 
samples of the Khewra sandstone. The salt pseudomorph structures have been observed 
in the sandstone exposed at Khewra Gorge and Nilawahan. The study for clay minerals in 
Palaeozoic sediments have been conducted by several workers. Grim (1951) investigated 
the Paleozoic shales in Illinois and stated that illite is the dominating mineral. The same 
is concluded in present studies. Grim (1958) explained the changes during the diagenesis 
which vary with nature of the environment and kind of materials in particular 
environment. It is likely that the diagenesis has partly converted the well crystallized illite 
into a de graded illite in the presence of sodium ions, released from the associated 
minerals. It is concluded that the illite mineral in Khewra Sandstone is detrital in origin 
and has been partly degraded into a random mixed layer clay mineral forming a mixture 
of illite and chlorite. 


The chlorite mineral was also concluded as a detrital mineral (Weaver and 
Pollard, 1973) deposited in the Cambrian basin during the deposition of Khewra 
Sandstone. The chlorite minerals are well known as constituents of igneous rocks as 
altered products and as essential mineral assemblages of the metamorphic rocks (Deer et 
al., 1966) and mostly these minerals are transported into the depositional basin as a part 
of the sedimentary sequences. Mechanical weathering of the above stated chlorite bearing 
rocks may release chlorite and introduce it into the weathering profile. 


The mineral chlorite was observed only in three samples in unit C while it is 
present in most of the samples of Unit A and B. It is likely that the source rock was not 
contributing chlorite during the deposition of the upper unit of Khewra Sandstone. It is 
also probable that the late diagenertic solutions removed the chlorite minerals from the 
upper unit of sandstone as this is highly porous zone indicating the free movements of 
fluids. 


The nano-mixed layer clay mineral appears to be a random mixture of illite and 
chlorite. Weaver (1956) stated that mixed layer clay mineral is derived from the 
degradation or aggradation from the pre existing clay minerals. Burst (1959 and 1969) 
found evidence of systematic diagenetic changes in clay minerals with depth in the 
subsurface samples of the Wilcox Formation (Grim 1958). The mixed layer clay mineral 
probably originated diagenetically due to the degradation of illite and chlorite in the 
presence of sodium ions. 


But in the absence of sodium ion in the upper unit the mixed layer clay mineral 
was not formed from the degradation of illite. The absence of chlorite in most of the 
samples also indicates that the mixed layer clay mineral was also dependent on the 
chloritic mineral. It is also concluded that the temperatures were not high enough to 
create regularity in the mixed layer clay mineral as most of the samples are the random 
mixtures of illite and chlorite. Economically, the presence of random clay minerals is a 
valuable information as it indicates the burial temperatures favourable for the presence of 


oil (Burst 1959, 1969). 
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The crystallinity indices (inversely proportional in the present data) of illite 
mineral display significant variations from base to the top of the formation. The 
crystallinity indices of unit C are comparatively lower than the crystallinity of unit A and 
B. This indicates that crystallinity of illite was destroyed due to its transportation from 
the source ara through the rivers. The illite was weathered in a continental weathering 
profile and the potassium ions were lost during the transportation through fresh water. 
The other reason for the poor crystallinity could be due to depletion of potassium ions in 
the diagenetic waters. It is also likely that the circulating diagenetic waters in unit C 
destroyed the crystallinity of illite. This is indicated by the high porosity of unit C as 
compared to units A and B. It is most likely that the unit A was deposited in waters, 
comparatively with more potassium ions. The difference in crystallinity indices in three 
units indicates that the unit C and B were deposited in brackish waters with poor 
potassium ion. Generally brackish waters and fresh waters are poor in potassium ions 
(Weaver, 1967). It is further concluded that units B and C were deposited in deltaic 
conditions through fluvio-marine processes by the erosion of pre-existing rocks. It is 
probable that the unit A was deposited in the delta front area where more fine grained 
clays were transported farther into the ocean. The area was subsided due to the collapse 
of evaporites/carbonate platform and also due to volcanic activity in the area. The 
evaporates/carbonates and the volcanic rocks are found in the Pre-Cambrian rocks just 
below the Khewra Sandstone. 


3.11.6 CONCLUSION: 


1. The dominant nano-clay mineral in the Khewra Sandstone is illite which averages 
to about 85.3%. The second dominant clay mineral is the mixed layer clay mineral and is 
the random mixture of illite and chlorite. It is about 9.6%. The least clay mineral is the 
chlorite clay mineral which is about 5.1%. 


De The random nano-mixed layer clay mineral is a mixture of illite and chlorite and 
was originated from the illite and chlorite and may be called as a diagenetic clay mineral. 
The mixed layer clay mineral indicates the favourable conditions for the preservation of 
oil. 

3% The chlorite and illite clay minerals are the deterital clay minerals which were 
transported into the depositional basin due to erosion of the older sedimentary 


rocks/metamorphic rocks. 


4. It is likely that the Khewra Sandstone was deposited in fluvio-marine conditions. 
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TABLE: 3.iii.1. THE TABLE GIVES THE LITHOLOGY OF THE SAMPLES AND THE 
PERCENTAGE OF CALY MINERALS IN THE KHEWRA SANDSTONE WITH 
CRYSTALLINITY INDICES OF ILLITE. 


SAMPLE LITHOLOGY ILLITE MIXED CHLORITE CRYSTALINITY 
NO. LAYER OF ILLITE (mm) 
UNIT -C 

1 Sandstone. 100 - - 0.3 
3 Sandstone. 100 - - 0.2 
4 Sandstone. 100 - - 1.1 
27 Sandstone. 100 - - 0.7 
35 Sandstone. 100 - - 0.1 
45 Sandstone. 84.0 - 15.2 0.5 
55 Sandstone. 100 - - 0.3 
62 Sandstone. 80.00 12.0 8.0 0.8 
AVARAGE % - 95.6 1.5 2.9 0.5 
UNIT -B 

63 Shale. 100 0.5 
64 Carbonate poor diffraction pattern 

65 Sandstone. 85.88 9.9 4.3 1 
77 Sandstone. 86 - 14 0.5 
86 Sandstone. 88.4 5.8 5:8 0.2 
95 Sandstone. 82.0 11.6 6.4 0.1 
105 Sandstone. 82.1 13.6 4.3 0.3 
106 Shale. 89.9 4.8 5.3 0.1 
107 Shale. 82.1 11.8 6.1 1.5 
108 Sandstone. 81.9 - 18.1 1.1 
115 Sandstone. 83.4 11.0 5.6 0.2 
125 Sandstone. 73.6 15.9 10.5 0.2 
136 Sandstone. 100 - - 0.2 
147 Sandstone. 100 - - 0.2 
148 Shale. 100 - - 0.2 
151 Shale. 100 - - 0.2 
152 Shale. 70 19.5 10.5 0.2 
165 Sandstone/carbonate poor diffraction pattern. 

166 Shale. 83.2 13.8 3.0 0.2 
167 Sandstone. 76.7 19.1 5.2 0.2 
175 Shale. 46.3 38.4 15.2 0.4 
187 Sandstone. 78.2 21.8 - 0.8 
188 Shale. 95.1 - 4.9 0.1 
191 Sandstone. 85.8 9.5 4.7 0.3 
194 Shale. 93.8 2.3 3.9 0.3 
204 Shale. 68.6 25.5 5.9 0.3 
205 Sandstone. 100 - - 0.2 
210 Sandstone. 100 - - 0.2 
211 Shale. 90.8 3.9 5.3 0.2 
212 Shale. 100 7 z 0.2 
224 Sandstone. 55.8 35.3 8.9 0.3 
233 Sandstone. 86.8 6.6 6.6 0.2 
237 Shale. 80.3 14.4 5.3 0.3 
AVERAGE % 85.3 9.6 5.1 0.3 


UNIT - A. 
247 
248 
254 
257 
261 
262 
271 
275 
276 
287 
291 
392 
301 
304 
309 
310 
311 
320 
321 
AVERAGE % 


Sandstone. 


Shale. 
Shale. 


Sandstone. 
Sandstone. 


Shale. 
Shale. 
Shale. 


Sandstone. 


Shale. 
Shale. 


Sandstone. 


Shale. 


Sandstone. 


Shale. 


Sandstone. 


Shale. 
Shale. 
Shale. 


AVERAGE% OF THE 
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97.3 
6839 
89.6 
92.8 
83.6 
93.4 
87.5 
92.4 
83.4 
79.6 
63.9 
92.5 
91.9 
68.5 
80.5 
86.1 
82.2 
79.9 
80.5 
84.00 
88.4 


3.1v THE SEDIMENTOLOGICAL STUDIES OF THE KHEWRA SAND- 
STONE EXPOSED AT KHEWRA GORGE. 


3.1v.1 ABSTRACT: 


The grain size analyses of the Khewra Sandstone exposed at the Khewra Gorge 
Was investigated to understand the depositional environment. 35 samples were collected, 
representing all the lithological variations from the base to the top of the formation. The 
grains were gently separated for the grain size analyses and were analysed through 
sieving and hydrometer methods for the coarser and finer fractions, respectively. The 
histograms of the sand, silt and clay fractions were prepared to compare the energy of the 
depositional medium. The scatter plots were also prepared to understand the depositional 
environments. The grain size analyses of Khewra Sandstone indicates that texturally the 
Khewra Sandstone exposed at Khewra Gorge can be divided into three textural classes 
named as sand, silty sand and sandy silt, respectively. The depositional environment of 
the Khewra Sandstone exposed at Khewra Gorge can be concluded as a deltaic 
environment representing bottom set rocks of prodelta area, foreset rocks of delta slope 
area and top set rocks of delta platform area. The rocks have been named as units A, B, 
and C, respectively according to the deltaic environment from base to the top of a 
classical deltaic sequence. 


3.1v.2 INTRODUCTION: 


The grain size analyses of the Khewra Sandstone was conducted to find out the 
palaeo-environments of the Khewra Sandstone at Khewra Gorge (Fig. 1.1). The grain 
size analyses of the Khewra Sandstone generally indicate the palaeo-environments, 
sorting and geometry of the sandstone. 


3.1v.3 GEOLOGY OF KHEWRA SANDSTONE AT KHEWRA GORGE: 


The lower unit of the Khewra Sandstone displays a disturbed contact with the 
underlain Salt Range Formation of Pre-Cambrian age and disconformable contact with 
the overlying Kussak Formation of Cambrian age. The Khewra Sandstone is 155.84m 
thick in Khewra Gorge. The sandstone is dark brown to purple and light brown to 
yellowish white. It consists of dark brown shales with sandstones/siltstones, which are 
cross bedded, ripple marked, mud cracked fractured and flaggy bedded. The Khewra 
Sandstone at Khewra Gorge may be clearly divided into 3 distinct units, the lower unit or 
unit A, the middle unit or unit B and C are upper unit or unit C. the three at unit A, B and 
C are 55.65m, 64.24m and 35.95m thick at Khewra Gorge, respectively. The figure 3.iv.1 
provides the general lithological log, thicknesses of units A, B and C with actual 
percentages of sands, silt and clay. The lower unit or unit A includes purple to dark 
brown shales intercalating thin siltstones and fine sandstones. The frequency of 
occurrence of shaly beds decreases towards the top of the unit. The upper part of unit A 
displays nodules and lenticular carbonate beds. The unit B consists of fine grained 
sandstone, siltstone, siltstones and minor shales which are thin to medium bedded. 


Fig. 3.iv.1. The distribution of sand, silt and clay 
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The sandstones/siltstones are cross bedded, ripple marked and calcareous. The frequency 
of occurrence of shales decreases towards the top of the unit. This unit also displays 
chemical weathering which was due to dissolution of water solube minerals. The upper 
unit or top unit consists of massive bedded sandstone with gradual increase of grain size 
toward the top of the unit. The unit is cross bedded and is overlain by a conglomeratic 
bed with pebbles and gravels of mainly quart. This conglomeratic bed marks the 
disconformity between the Khewra Sandstone and the overlying Kussak Formation. 


MATERIAL: 


35 samples were collected from the top to the base of the formation to represent 
all the variable lithologies in the three units of Khewra Sandstone, exposed at Khewra 
Gorge. Fig. 3.iv.1 give the stratigraphic locations of the samples with their stratigraphic 
position above the base of the formation. 


3.1v.4 RESULTS: 


Table 3.iv.2 give the sedimentological data of Khewra Sandstone exposed at 
Khewra Gorge with respect to units A, B, and C and with textural classification of the 
individual samples according to Folk (1957) nomenclature. Appendices 1-35 provide the 
grain size analyses for all individual samples achieved by sieves and hydrometer 
methods. Fig. 3.iv.2 displays the histograms and the cumulative frequency curves for all 
the individual samples of unit-A according to the appendices 1-16.11 samples of unit-A 
display unimodel distribution distribution while 5 sample display bimodal distribution. 
Most of he weight percentages were noted in the silt and very fine sand fraction as 
provided in table 3.iv.2. Most of the histograms resemble each other indicating the 
similarity and uniformity of the depositional medium in the 11 samples. The 5 samples 
with bimodal distribution indicate that there could have been slight difference in 
depositional medium as compared to the 11 samples. It is likely that the depositional 
medium varied from shallow marine deltaic front depositional medium to delta type of 
sedimentation. Fig 3.1v.2(b) give the cumulative frequency curves of the unit-A. The 
nature of the curves in most of the samples is similar, indicating the uniformity of 
depositional medium with minor exception in a few samples which reflect the difference 
in the process of sedimentation and can be again considered delta front to delta type of 
sedimentation. Fig 3.iv.3(a) provides the histograms for the grain size analyses of unit-B. 
About 7 samples display bimodal distribution while 5 samples display unimodel 
distribution. The nature of histogram is asymmetrical. It could be due to differences in 
depositional medium form times to times and again appears that the sedimentation varied 
from delta front top. The cumulative frequency curved (Fig. 3.iv.3(b) are also mostly 
similar with some variations in the curves given by the sample with unimodel 
distribution. This could be again due to the variation in depositional medium form delta 
front to delta type of sedimentation. Fig . 3.iv.3(a) gives the histograms for grain size 
analyses of Khewra Sandstone exposed at Khewra Gorge, unit -t. The histograms are 
mostly unimodel and asymmetrical, indicating that most of the samples were deposited 
by the same type of depositional medium and process. The same conclusion can be drawn 
after the study of the cumulative frequency curves (Fig. 3.iv.4(b). The cumulative 
frequency curves of unit-C.' display better sorting of the fine sands and silts as compared 


to units A and B. 
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Fig. 3.iv.3. a 


-* (a) Histograms (b) Cummulative frequency 
curves of size distribution of Khewra 
Sandstone from Khewra Gorge. Unit B. 
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Fig. 3.iv.4. 
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Sig. 3.iv.5A.Frequency curves of Khewra Sandstone from Khewra Gorge, Unit A. 
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Fig. 3. iv. 5C. Frequency curves of Khewra Sands tone from Khewra 
Gorge, Unit - C. 
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Fig.3.iv.7, Frequency..curves of textural classes of Khewra 
Sandstone exposed at Khewra Gorges Unit A. 
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Fig. 3.iv.6. a) Histograms (b) Cumulative frequency curves of 
textural classes of -Khewra Sandstone exposed at 
KRewra Gorge Unit A 
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ig. 3 2iv.9. Frequency curvesvof textural classes of Khewra Sandstone exposed at Khewra 
Gorge, Unit-B. 
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Fig. 3.iv.8. (a) Histograms (b) Cummulative frequency curves of textural classes of 
Khewra Sandstone exposed at Khewra Gorge, Unit-B. 


displays normal skewness and leptokurtic peakedness. The histograms, cumulative 
frequency curves, and frequency curves indicate that the sand was deposited by a 
comparatively more deltaic type of process as compared to the silty sand and silt which 
were deposited in shallow marine, near shore conditions to delta front condition. Fig 
3.1v.10 shows histograms and cumulative frequency curves for the three textural classes 
of unit C, observed as sandstone, (2 samples), silty sand (4 samples) and sandy silt (1 
sample}. The histogram for the sandstone shows dominance of sand 86.78%, silt 11.74% 
and 1.45% clay. The histogram prepared for sandstone sample shows asymmetrical and 
unimodel distribution. The cumulative frequency curve is reasonably steep and indicates 
good sorting. The histogram for silty sand shows dominance of sand which is 60.76%, 
silt 32.77% and clay 5.96% (Table 3.iv.4>. The histogram is unimodel and negatively 
skewed. The cumulative frequency curve is not as steep as the curves for the sand and 
silty sand. The frequency curves (Fig. 3.iv.11) for silty sand (4 samples) display normal 
skewness and leptokurtic peakedness. The frequency curve plotted against weight 
percentages for sandy silt (1 Sample) shows negative skewness and _platykurtic 
peakedness. The histograms, the cumulative frequency curves and the frequency curves 
display that the sand and silty sand were deposited in a depositional medium similar to 
deltaic condition while the sandy silt appears to be deposited in a medium similar to 
shallow marine near shore conditions. 


All the samples of the Khewra Sandstone display only three textural classes called 
as sandstone, silty sand and sandy silt according to Shephard (1954). The sand was found 
only in three samples, the silty sand was found in 14 samples and sandy silt was found in 18 
samples only. Table 3.iv.4 provides the summary statistics of grain size parameters of weight 
percentages of various size fractions of three textural classes in units A, B and C, 
respectively. The sand was found in three samples, the mean of which is 85.52% sand, 
12.77% silt and 1.72% clay by weight. The silty sand was found in 14 samples including 
55.54% sand, 38.89% silt and 5.83% clay by weight. The sandy silt was observed in 18 
samples with 28.8% sand, 60.82% silt and 8.61% clay by weight.- Table 3.1v.3 gives the 
summary statistics of the grain size parameters forthe mean graphic size (MZ), graphic 
standard deviation (6G), graphic skewness (SKG), graphic kurtosis (KG), median 
diameter (M) and coarsest | percentile (C) for all the individual samples. The above four 
statistical parameters were plotted as scatter diagrams with various combinations in order 
to evaluate their inter relationship and the effectiveness in differentiating between 
sedimentological behavior of the three textural classes (Fig. 3.iv.14). Fig 3.1v.14(A) 
shows the plot of graphic standard deviation against graphic mean size indicating a 
positive correlation. It is important to note that the standard deviation and mean sizes are 
directly proportional to each other and the three textural classes form two clusters. One 
clusture is formed by the samples of silt and sandy silt while the other clusture is 
originated due to sand samples. This indicates that the depositional energy for the two 
textural classes called as silty sand and sandy silt were more or less similar while the 
energy varied in the sand samples and could be called high energy’ environment during 
the deposition of the sand. Fig 3.1v.14(B) provides the plot of graphic mean size against 
the graphic skewness and displays a positive correlation. Most of the points lie close to 
each other with the exception of the samples of sand and silty sand which lie away from 
the general samples and again reflect the variation in the depositional medium. Fig. 
3.1v.14(C) provides the plot of graphic mean size against graphic kurtosis and displays a 
negative correlation forming two groups of clustures with the exception of one sample. 
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Fag. 3.iv.11. Frequency curves of textural classes of Khewra Sandstone exposed at Khewra 
° Gorge, Unit - C. 
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Fig. 3.iv.10.! (a) Histograms (b) Cummulative frequency curves of-textural classes of Khewra 
Sandstone exposed at Khewra Gorge, Unit-C. 
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Fig: 3iv3; Frequency curves of the textural classescof Khewra Sandstone exposed 


at Khewra Gorge. 
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Fig:3fyi2(a) Histograms (b) Cummuttative frequency curves -of the textural classes 


of Khewra Sandstone exposed at Khewra Gorge, 


Most of the samples of the sandy silt and silty sand lie close to each other while three 
samples of sand and silty sand lie away from the main group of samples and again 
represent variation in the energy of depositional medium. Fig. 3.iv.14(D) gives the scatter 
plot of graphic skewness plotted against graphic standard deviation, showing a positive 
correlation and two groups of clustures. Most of the points lie in one group representing 
the sandy silt and silty sand while three points of sand lie away from the main clusture 
and are given by the sand samples. This plot also reflect the variation in the energy of 
depositional medium. Fig. 3.1v.14(E) gives the plot of the graphic kurtosis against graphic 
standard deviation and reflects again the same two groups for sand, silty sand and sandy 
silt, respectively, indicating the variation in the energy of the depositional medium. It is 
also noted that the graphic kurtosis and graphic standard deviation show a negative 
correlation reflecting the fact that the kurtosis increases when standard deviation 
decreases. Fig 3.iv.14(F) gives the plot of graphic skewness against graphic kurtosis 
indicating the similar observations as the previous scatter plots, the separation of groups 
of sand, silty sand and sandy silt, respectively. This again reflects the variations in the 
energy of depositional medium for the three textural classes observed. 


3.1v.5 DISCUSSION: 


The grain size analyses of the Khewra Sandstone exposed at Khewra Gorge varifies the 
field observations that the grain size increases toward the top of the formation.The 
Khewra Sandstone shows thin bedded shales and siltstones at its base while gradually 
becomes medium to thick bedded in its middle part and finally becomes massive bedded 
toward the top of the formation. The coarsening of upward sequence is a characteristic 
property of the deltaic sequences and shoreline sand deposits which may be called as 
barrier bars and shoreline sandstone. Scrutton (1964), concluded that in the Mississippi 
delta three depositional units can be recognised which may be called as bottom set 
deposits, fore set deposits and top set deposits from base to the top of a deltaic sequence, 
respectively. Selley (1976), stated that the bottom set, fore set and top set deposits in a 
delta sequence are directly related to the geometry of the delta and were deposited in pro- 
delta, delta slope and delta top areas. It is most likely that the Khewra Sandstone 
represents a complete deltaic sequence including bottom set, fore set and top set deposits 
and therefore signifies the geometry of the delta as pro delta, delta slope and delta 
platform, respectively. The unit A represents the bottom set deposits, unit B represent the 
fore set and unit C represent the top set deltaic deposits, respectively. Figures 3.iv.2, 
3.1v.3, 3.iv.4, 3.iv.6, 3.iv.8, 3.iv.10 and 3.iv.12 display the histograms and cumulative 
frequency curves for the individual samples according to their respectively units and for 
the Khewra Sandstone as a formation, respectively. The histograms are generally 
unimodel, but occasionally bimodal histograms can also be observed due to variation in 
the depositional medium. The major contribution in making the shape of the histogram is 
due to the sandy silt and silty sand. The cumulative frequency curves are reasonably steep 
and indicate moderate sorting in the sandstone. Figs 3.iv.5A, 3.iv.5B, 3.iv.5C, 3.iv.7, 
3.iv.9, 3.iv.11 and 3.iv.13 provide the frequency curves for the individual samples, for the 
units A, B, C and the Khewra Sandstone as a formation, respectively. The frequency 
curves indicate that generally they are positively skewed, asymmetrical and platykurtic. 
The leptokurtic nature of the curves can also be occasionally seen. This reflects the 
depositional energy, depositional environment of the bottom set deposit, fore set deposits 
and top set deposits, respectively. 
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3.iv.14. Scatter Plots between various graphic parameters. 
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The scatter plots are prepared after Bakri and Ghadban, (1984) considering four 
statistical parameters, graphic mean size (MZ), graphic standard deviation (6G), graphic 
skewness (SKG) and graphic kurtosis (KG). Six combinations of these statistical 
parameters were plotted as given in fig 3.1v.14. These scatter plots indicate that all 
samples of three textural classes can be generally divided into two groups and 
particularly in three separate entities representing the energy of depositional medium 
from pro delta to delta slope and delta platform, respectively. The increasing grain size 
towards the top of the formation and the massive nature of the beds in units B and C also 
indicate that these sands were deposited in a deltaic environment. Selley (1976), plotted 
cumulative weight percentages against the grain size for the sorting of the sediments from 
different environments and stated that the steeper curves represent better sorting of the 
sediment. Fig. 3.iv.15 gives the cumulative weight percentages ploted against grain sizes 
for the Units A, B and C, respectively Table (3.iv.6). The plot for the unit C Table 3.iv.6). 


The plot for the unit C is comparatively steeper than the plots for units A 
and B indicating a better sorting than the unit A and B. The plots for units A and B are 
more or less similar representing sorting of the sandy silt to silty sand. These plots 
indicate a moderate sorting of silts and sands. Fig. 3.1v.16 provides the histograms for 
dune sand (A), glacial till (B), pelagic mud (C}, beach sand (D) and river sand (E) plotted 
by Selley (1976) for comparison of various environments. The histograms of Fig. 
3.1v.16(E) resemble the histograms prepared for unit C indicating that unit C of the 
Khewra Sandstone represents the detritus of the river sand. The histograms which do not 
match the E can be related to the pro delta and delta slope environment. Fig 3.iv.17. 
displays the C-M plots of median diameter (M} plotted against the grain sizes (Phi-unit) 
to compare with C-M diagram of passage (1957, 1964) given by selley (1976) for 
differentiating various environments. The diameter is based on the coarsest one percentile 
plotted against median diameter (Fig 3.iv.17B). The shape of the plot fall close to TV and 
V graph of Selley (1976), indicating the environment from turbidity to bedload. It is 
likely that the samples from unit A and Unit B represent their shape on this graph and 
could be due to their deposition in pro delta and delta slope environment where turbidity 
currents often occur. Selley (1985) stated that in shore face sand of wave dominated delta 
the glauconitic material may be present. The sands and silts in unit A and B of the 
Khewra Sandstone also display glauconitic material and may be called a wave dominated 
delta, where carbonaceous detritus could not be deposited due to wave action. It is 
therefore probable that the Khewra Sandstone exposed at unit A was deposited in a wave 
dominated delta. 


3.1v.6 SUMMARY AND CONCLUSIONS: 


i. The Khewra Sandstone exposed at Khewra Gorge can be texturally divided into 
three textural classes, called as sandstone, silty sand and sandy silt. The sandy silt 
is the dominant lithological unit and was observed as 60.8% average of 18 
samples. The silty sand is the second dominant unit which is about 55.4 percent 
(average of 14 samples). The sandstone is the third dominant textural class 
(85.52%) and was observed in 3 samples for the textural analyses of Khewra 
Sandstone. 
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The Khewra Sandstone exposed at Khewra Gorge shows coarsening of the grain 
size from its base to the top. The beds at the base are more clayey and silty as 
compared to the beds towards the top which are more sandy. 


The textural classification, the cumulative frequency curves, frequency curves, C- 
M diagram, comparative studies of histograms and scatter plots indicate that the 
Khewra Sandstone was deposited in a deltaic environment representing the 
bottom set deposits of the prodelta (Unit A), fore-set deposits of the delta slope 
(Unit B) and the topset deposits of delta platform area (Unit C). 


The detritus material was transported from the continent exposed in the south, 
south east, mostly through rivers and partly through winds. 


It is concluded that the Khewra Sandstone was deposited in deltaic to turbidity 
current environments. The delta was dominated by the shoreface during the 
deposition of the Khewra Sandandstone as glauconite can be observed. 
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TABLE: 3.iv.1. STRATIGRAPHIC POSITION OF THE SAMPLES FORM THE KHEWRA 
SANDSTONE EXPOSED AT KHEWRA GORGE. 


SAMPLE MAIN LITHOLOGY MAJOR BED SAMPLE POSITION 
NO. above the base 
KH-KHS Sr. No. THIcKNess ‘ 
1/88. Gypseous Marl - - Below the Base of 
Khewra Sandstone. 
2/88. Silty Shale/Clay. 1 300cm lcm 
3/88. Siltstone to fine Sandstone 1 300 300 
4/88. Silty Shale to Silty clay 2 600 900 
5/88. Siltstone to fine Sandstone 3 70 970 
6/88. Siltstone to fine Sandstone 5 350 1291 
7/88. Silty Shale to clay 5 350 1640 
8/88. Siltstone to fine Sandstone 7 90 2570 
9/88. Silty shale to clay 8 70 2648 
10/88. Silty shale to clay 24 120 3993 
11/88. Fine Sandstone to dolomitic 51 49 4592 
siltstone to silty dolomite 
12/88. Dolomitic Sandstone to 53 82 4706 
clayey Siltstone. 
13/88. Fine Sandstone to Siltstone 64 50 4984 
14/88. Calcareous nodules 86 65 5143 
14-A/88. Silty shale to shale 86 65 5207 
15/88. Silty shale to shale silty 94 40 2425 
Sandy calcreous 
15-A/88. Shale and Noule 94 40 2464 
16/88. Silty shale 95 100 5465 
16-A/88. Dolomitic Sandstone to silty 95 100 5464 
dolomite 
17/88. Fine Sandstone to Siltstone 96 39 5602 
18/88. Shale 99 46 5655 
19/88. Calcareous Sandstone to 189 120 6051 
Siltstone 
20/88. Sandstone to Siltstone and 125 140 7036 
shale/clay 
21/88. Fine Sandstone 133 60 7343 
22/88. Sandstone 135 40 7473 
23/88. Shale 139 34 7774 
24/88. Silty shale 147 22 8066 
25/88. Silty shale to shaly siltstone 152 24 8635 
26/88. Sandston 160 86 9227 
27/88. Sandston 175 163 10055 
28/88. Sandston 176 347 10402 
29/88. Sandston 185 600 11989 
30/88. Sandston 185 600 12588 
31/88. Sandston 186 265 12853 
32/88. Sandston 189 630 13605 
33/88. Sandston 189 630 14234 
34/88. Sandston 191 800 15384 
35/88. Conglomiratic Sandstone 192 200 15584 


TABLE: 3.iv.2. SANDIMENTOLOGICAL ANALYSES OF KHEWRA SANDSTONE EXPOSED AT 


KHEWRA GORGE 

SAND SILT CLAY 
SAMP COA MEDIUM _ FINE VERY COAR  MEDIU FINE _ VERY CLAY 
LE RSE (0.5-0.25) —(0.125-) FINE SE M (0.0156- FINE (0.0039) 
NO. 1.8- mm 0.125)mm_ —(0.125- (0.625-  (0.031- 0.0078) ~—«(0.0078- ~=—Ss mm LITHOLO- 
KH- 8.5 0.0625) 0.0156) 0.0156) mm 0,039) mm GIC NAME 
KHS- mm mm mm mn 
UNIT-A. 
1/88. 2 9.73 13.88 32.24 23.67 13.44 2.56 2.4 2.07 Silty Sand 
2/88. 2 11.38 12.71 26.08 1730 12.22 8.78 6.88 4.47 Silty Sand 
3/88. : 22.18 13.10 16.65 22.87 9.88 6.35 4.66 4.43 Silty Sand 
4/88. : 10.68 13.17 26.76 1419 1114 9 9.12 71.6 7.09 Silty Sand 
5/88. : 7.63 7.63 14.94 25.58 12.97 10.66 8.84 8.39 Sandy Silt 
6/88. : 9.11 9.20 15.91 3230. 15.7 7.54 5.77 439 Sandy Silt 
7/88. : 15.60 17.59 30.53 10.75 8.21 7.29 531 461 Silty Sand 
8/88. 2 10.24 11.32 17.13 28.22 1220 7.72 6.5 5.93 Sandy Silt 
9/88. : 18.32 13.86 23.45 13.53 8.93 8.14 7.18 6.07 Silty Sand 
10/88. - 19.43 15.79 26.95 11.00 9.16 71.74 6.09 3.93 Silty Sand 
11/88. - 3.5 9.54 19.52 29.81 14.55 9.84 7.34 5.79 Sandy Silt 
12/88. - 15.09 11.00 14.60 25.31 12.62 8.87 6.82 5.59 Sandy Silt 
13/88. - 715 6.43 12.56 34.23 1466 9.5 13 a3 Sandy Silt 
14/88. - 4.87 9.10 17.30 2457 «15,98 11.98 9.39 6.8 Sandy Silt 
15/88. - 3.61 6.17 16.30 313 15.45 1.73 8.46 7.69 Sandy Silt 
16/88. - 15.09 11.20 14.61 22.04 13.16 «9.56 8.28 5.81 Sandy Silt 
UNIT-B. 
17/88. - 8.84 6.68 11.95 35.6 13.72 9.56 8.14 5.49 Sandy Silt 
18/88. - 18.25 12.58 19.33 20.01 122 8.4 4.9 3.9 Silty Sand 
19/88. - 7.48 8.17 12.60 24.8 1336 §©=10.26 Ss 8.9 8.9 Sandy Silt 
20/88. - 9.53 6.71 11.61 49.22 1080 4.71 3.7 3.7 Sandy Silt 
21/88. - 2.91 5.07 15.88 259 13.76 123 12.3 12.3 Sandy Silt 
22/88. 3.35 4.89 12.8 25.14 16.13 13.52 12.5 11.5 Sandy Silt 
23/88. 26.54 11.68 14.46 17.93 1034. 7.51 5.57 5.57 Silty Sand 
24/88. - 17.07 10.43 15.62 31.91 9.81 5.51 4.82 4] Sandy Silt 
25/88. 20.05 10.17 21.43 15.42 1065 8.36 71 6.37 Silty Sand 
26/88. - 1042 10.42 63.30 5.5 3.9 24 2.00 2.00 Sandstone 
27/88. - 4.76 6.9 12.5 07 177s «=| 13.21 9.70 8.51 Sandy Silt 
28/88. - 12.74 6.93 15.00 19.13 12.00 12.0 11.0 11.80 Sandy Silt 
UNIT-C. 
29/88. - 9.81 12.54 37.85 1.11 6.63 8.21 6.50 6.50 Silty Sand 
30/88. - 2.80 4.39 16.77 19.42 1684 13.24 12.00 11.24 Sandy Silt 
31/88. - 12.47 9.44 63.12 5.02 4.22 2.8 1.00 1.00 Silty Sand 
32/88. - 0.80 3.10 45.60 15.97 9.30 9.37 8.37 8.37 Silty Sand 
33/88. 0.57 4.10 43.60 17.03 9.5 8.96 8.04 8.00 Silty Sand 
34/88. 619 8.76 5.60 58.14 7.39 3.9 3.69 3.31 2.90 Sandstone 
35/88. 4.16 37.47 49.75 3.43 3.11 1.8 0.28 : é Sandstone 


TABLE: 3iv.3. SUMMARY STATISTICS OF GRAIN SIZE PARAMETERS OF KHEWRA SANDSTONE EXPOSED AT 


KHEWRA GORGE. 
SAMPLE NO. MEAN SIZE — GRAPHIC GRAPHIC GRAPHIC MEDIAN COARSEST 
KH-KHS- (Mz) STANDARD SKEWESS KURTOSIS DIAMETER ONE PERCEN- 
DEVIATION (SKG) (KG) (M) TILE (C) 
(6G) 
1/88. 3.42 13 0.5 1.24 3.2 0.99 
2/88. 3.82 20.1 0.17 1.00 3.5 0.82 
3/88. 3.41 1.99 0.03 0.94 3.45 0.7 
4/88. 4.15 2.5 0.42 0.88 3:5 0.85 
5/88. 4.59 22 0.21 0.97 3.4 0.90 
6/88. 4.01 1.67 0.01 1.22 3.2 0.86 
7/88. 3.43 2.07 0.27 0.91 3.1 0.76 
8/88. 4.01 2.04 0.10 0.87 3.8 1.00 
9/88. 3.65 2.37 0.22 0.83 3.4 0.74 
10/88. 3.39 2.12 0.22 0.90 3.15 0.72 
11/88. 4.36 1.7 0.23 1.13 4.15 1.10 
12/88. 3.85 2.23 0.004 0.94 3.90 8.77 
13/88. 4.23 2.11 0.02 1.23 43 0.9 
14/88. 4.49 1.97 0.10 1.03 43 1.01 
15/88. 4.70 1.9 0.21 1.08 3.4 1.07 
16/88. 3.95 2.25 0.00 0.87 3.9 0.83 
17/88. 4.30 1.85 0.15 1.24 4.2 0.89 
18/88. 3:53 2.17 0.76 0.90 4.5 0.73 
19/88. 4.17 2.37 0.20 0.97 4.35 0.91 
20/88. 3.82 1.27 0.16 2.00 3.95 0.86 
21/88. 5.85 2.13 0.28 0.86 4.75 1.12 
22/88. 4.89 2.16 0.09 0.79 4.75 1.09 
23/88. 3.52 2.26 0.11 0.79 3.30 0.68 
24/88. 3.56 2.00 0.10 1.12 3.70 0.75 
25/88. 3.70 2.41 0.16 0.80 3.40 0.71 
26/88. 2.85 0.69 0.20 2.63 3.00 0.85 
27/88. 4.61 2.05 0.12 0.98 4.5 0.90 
28/88. 4.46 2.47 0.08 0.78 4.40 0.80 
29/88. 3.89 2.06 0.43 1.09 3.15 0.83 
30/88. 5.15 2.13 0.14 0.79 4.90 1.15 
31/88. 2.78 0.75 0.33 2.54 2.95 1.21 
32/88. 4.35 1.81 0.66 0.87 4.10 1.12 
33/88. 4.39 1.00 0.61 0.88 4.10 1.60 
34/88. 2.95 1.18 0.07 2.92 3.00 0.32 
35/88. 1.62 0.62 0.00 1.62 1.65 0.33 


TABLE: 3.iv.4. SUMMARY STATISTICS OF AVERAGE GRAIN SIZE PARAMETERS AND WEIGHT 
PERCENTAGES OF MAIN SIZE FRACTION OF VARIOUS TEXTURAL CLASSES OF 
KHEWRA SANDSTONE EXPOSED AT KHEWRA GORGE. 


SIZE PARAMETER WEIGHT % OF SIZE CLASSES 


UNIT | TEXTURALCLASS — (Mz) (6G) (SKG) (KG) SAND SILT CLAY 
A Silty sand (n=7) 3.66 2.05 0.19 0.95 55.71 39.43 4.63 
Sandy Silt (n=9) 4.24 2.01 0.09 1.03 33.43 59.51 6.41 
B Sandstone (n=1) 2.05 0.69 0.20 2.63 84.14 13.00 2.00 
Silty Sand (n=3) 3.58 2.26 0.34 0.83 51.58 42.69 54 
Sandy Silt (n=9) 4.42 2.03 0.14 1.09 29.17 61.47 8.19 
Cc Sandstone (n=2) 2.28 0.90 0.03 2.27 86.73 11.74 1.45 
Silty Sand (n=4) 3.83 1.40 0.50 1.34 60.76 32.77 5.96 
Sandy Silt (n=1) 5.15 2.13 0.14 0.79 23.95 61.5 11.24 
TABLE: 3.iv.5. SUMMARY STATISTIC OF GRAIN SIZE PARATMETER AND WEIGHT PERCENTAGES OF 


TEXTURAL CLASSES OF KHEWRA SANDSTONE (FORMATION). 


SIZE PARAMETER WEIGHT % OF SIZE CLASSES 


UNIT TEXTURAL CLASS (Mz) (6G) (SKG) (KG) SAND SILT CLAY 

Sandstone (n=3) 1.71 0.53 0.07 1.63 85.52 12.77 1.72 
Silty Sand (n=14) 3.69 1.90 0.34 1.06 55.54 38.59 5.33 
Sandy Silt (n=18) 4.60 2.05 0.12 0.97 28.85 60.82 8.61 

Index 

Mz = Graphic Mean Size 

6g = Graphic Standard Deviation 

SKG= Graphic skewness 

KG = Graphic Kurtosis 

N = Number of samples 


TABLE. _ 3.iv.6. GRAIN SIZE DATA OF KHEWRA SANDSTONE EXPOSED AT KHEWRA GORGE BY WEIGHT % 


AND CUMMULATIVE % 
UNIT-A UNIT-B UNIT-C 
MAIN GRAIN SIZE WEIGHT % CUMMUL WEIGHT % CUMMUL WEIGTH% CUMMULATIVE% 
FRACTION ATIVE % ATIVE % 
SAND Coarse 0.00 0.00 0.00 0.00 1.47 1.47 
Medium 11.40 11.40 12.09 12.90 10.38 11.85 
Fine 11.14 22.54 8.38 20.47 12.70 24.55 
Very Fine 20.34 42.88 18.89 39.36 38.35 62.90 
SILT Coarse 22.91 65.79 24.26 63.62 11.29 T4.19 
Medium 12.51 78.30 12.03 75.65 7.46 81.65 
Fine 9.18 87.48 8.95 84.60 6.50 88.15 
Very Fine 6.79 94.27 yeas) 92.15 5.60 93.75 
CLAY Clay 5.63 99.9 6.97 99.12 5.43 99.18 


Appendix-1 


GRAIN SIZE ANALYSIS 
(Appendices, 3.i11.4, 1-35). 
I; SAMPLE NO. KH-KHS-1/88 
2. LOCATION OF SAMPLE KHEWRA GORGE, EASTERN SALT RANGE, PAKISTAN 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS — 100GM. 
Particle size Particle Size Class Weight Weight Cumulative Method of 
(mm) (microns) Interval Mid (grams) % age Weight % Analysis 
(@) point (@) age. 
1 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 1.5 9.73 937 9.73 Sieving 
4  — 0.25-0.125 250-125 2-3 2:5 13.88 13.88 13.88 Sieving 
5 0.125-0625 125-63 3-4 35 32.24 32.24 32.24 Sieving 
6  —0.0625-0.0312 —63-31.5 4-5 4.5 23.67 23.67 23.67 Hydrometer 
7 ~ 0.0312-0.0156 —31.5-15.6 5-6 5.5 13.44 13.44 13.44 Hydrometer 
8  0.0156-0.0078 = 15.6-7.8 6-7 6.5 2.56 2.56 2.56 Hydrometer 
9 0.0078-0.0039 —_7.8-3.9 7-8 ies) 2.4 24 24 Hydrometer 
10 <0.0039 <3.9 8-9 8.5 2.07 2.07 2.07 Hydrometer 
Appendix-2 
GRAIN SIZE ANALYSIS 
1. SAMPLE NO. KH-KHS-2/88 
2. LOCATION OF SAMPLE KHEWRA GORGE, EASTERN SALT RANGE, PAKISTAN 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS  100GM 
Particle size Particle Size Class Interval Mid Weight Weight % Cumulative Method of 
(mm) (microns) (2) point () (grams) age Weight % Analysis 
age. 
! 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 1.5 11.38 11.38 11.38 Sieving 
4 0.25-0.125 250-125 2-3 2:5 12.71 12.71 24.09 Sieving 
5 0.125-0625 125-63 3-4 3.) 26.08 26.08 50.17 Sieving 
6  ~—-0.0625- 63-31.5 4-5 4.5 17.30 17.30 67.47 Hydrometer 
0.0312 
7 ~~ 0.0312- 31.5-15.6 5-6 5.5 12.22 12.22 79.69 Hydrometer 
0.0156 
8  0.0156- 15.6-7.8 6-7 6.5 8.78 8.78 88.69 Hydrometer 
0.0078 
9 — 0.0078- 7.8-3.9 7-8 75 6.88 6.88 95.35 Hydrometer 
0.0039 
10 <0.0039 <3.9 8-9 8.5 2.47 2.47 97.82 Hydrometer 


Appendix-3. 


GRAIN SIZE ANALYSIS 
1, SAMPLE NO. KH-KHS-3/88 
2. LOCATION OF SAMPLE KHEWRA GORGE, EASTERN SALT RANGE, PAKISTAN 
3: WEIGHT OF SAMPLE BEFORE ANALYSIS 100GM 
Class 
Particle size Particle Size Interval Mid Weight Weight % Cumulative Method of 
(mm) (microns) (2) point (2) (grams) age Weight % age. Analysis 
| 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 22.18 22.18 22.18 Sieving 
4 0.25-0.125 250-125 2-3 2.5 13.10 13.10 35.28 Sieving 
5 0.125-0625 125-63 3-4 35 16.65 16.65 51.93 Sieving 
6 0.0625-0.03 12 63-31.5 4-5 4.5 22.87 22.87 74.8 Hydrometer 
7  0.0312-0.0156 31.5-15.6 5-6 5.5 9.88 9.88 84.68 Hydrometer 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 6.35 6.35 91.30 Hydrometer 
9  0.0078-0.0039 7.8-3.9 7-8 Wee} 4.66 4.66 95.69 Hydrometer 
10 <0.0039 <3.9 8-9 8.5 4.23 4.23 99.92 Hydrometer 
Appendix-4. 
GRAIN SIZE ANALYSIS 
1. SAMPLE NO. KH-KHS-4/88 
2 LOCATION OF SAMPLE KHEWRA GORGE, EASTERN SALT RANGE, PAKISTAN 
3; WEIGHT OF SAMPLE BEFORE ANALYSIS 100GM 
Particle size Particle Size Class Mid Weight Weight % Cumulative Method of 
(mm) (microns) Interval point (grams) age Weight % Analysis 
(9) (9) age. 
1 20-10 2000-1000 me -0.5 : ' . Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 10.68 10.68 10.68 Sieving 
4 0.25-0.125 250-125 2-3 2.5 13.17 13.17 23.85 Sieving 
5 0.125-0625 125-63 3-4 3 26.76 26.76 50.61 Sieving 
6 —0.0625-0.0312 63-31.5 4-5 4.5 14.19 14.19 64.8 Hydrometer 
7  0.0312-0.0156 31.5-15.6 5-6 5.5 11.14 11.14 75.94 Hydrometer 
8 —0.0156-0.0078 15.6-7.8 6-7 6.5 9.12 9.12 85.06 Hydrometer 
9 0.0078-0.0039 7.8-3.9 7-8 1 7.6 7.6 92.66 Hydrometer 
10 <0.0039 <3.9 8-9 8.5 7.08 7.08 99.72 Hydrometer 


Appendix-5. 


GRAIN SIZE ANALYSIS 
1, SAMPLE NO. KH-KHS-5/88 
2: LOCATION OF SAMPLE KHEWRA GORGE, EASTERN SALT RANGE, PAKISTAN 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GM 
Class 
Particle size Particle Size Interval Mid point Weight Weight % age Cumulative Method of 
(mm) (microns) (2) (2) (grams) Weight % Analysis 
age. 
| 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2 ~~ 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 15 7.63 7.63 7.63 Sieving 
4 0,25-0.125 250-125 2-3 2.5 7.63 7.63 15.26 Sieving 
5 0.125-0625 125-63 3-4 3.5 14.94 14.94 30.2 Sieving 
6 0.0625-0.03 12 63-31.5 4-5 4.5 25.58 25.58 55.78 Hydrometer 
7 0.0312- 31.5-15.6 5-6 5.5 12.97 12.97 68.75 Hydrometer 
0.0156 
8  0.0156- 15.6-7.8 6-7 6.5 10.66 10.66 79.41 Hydrometer 
0.0078 
9 0.0078- 7.8-3.9 7-8 715 8.84 8.84 88.25 Hydrometer 
0.0039 
10 <0.0039 <3.9 8-9 8.5 8.39 8.39 96.64 Hydrometer 
Appendix-6. 
GRAIN SIZE ANALYSIS 
1. SAMPLE NO. KH-KHS-6/88 
2: LOCATION OF SAMPLE KHEWRA GORGE, EASTERN SALT RANGE, PAKISTAN 
3; WEIGHT OF SAMPLE BEFORE ANALYSIS 100GM 
Particle size Particle Class Interval Mid point Weight Weight % Cumulative Method of 
(mm) Size (9) (9) (grams) age Weight % Analysis 
(microns) age. 
! 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2 = 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 [5 9.11 9.11 9.11 Sieving 
4  0.25-0.125 250-125 2-3 25 9.20 9.20 18.31 Sieving 
5 0.125-0625 125-63 3-4 3.5 15.90 15.90 34.31 Sieving 
6  0.0625-0.0312 63-31.5 4-5 4.5 32.30 32.30 66.15 Hydrometer 
7 0.0312-0.0156 31.5-15.6 5-6 5.5 13.7 15.7 82.21 Hydrometer 
8 — 0.0156-0.0078 15.6-7.8 6-7 6.5 7.54 7.54 89.75 Hydrometer 
9 — 0.0078-0.0039 7.8-3.9 7-8 75 5.77 S77 95.52 Hydrometer 
10 <0.0039 <3.9 8-9 8.5 4.39 4.39 99.91 Hydrometer 


SAMPLE NO. 


LOCATION OF SAMPLE 


GRAIN SIZE ANALYSIS 


KH-KHS-7/88 


Appendix-7. 


KHEWRA GORGE, EASTERN SALT RANGE, PAKISTAN 


WEIGHT OF SAMPLE BEFORE ANALYSIS 100GM 
Particle size Particle Size Class Mid point Weight Weight % Cumulative Method of 
(mm) (microns) Interval () (grams) age Weight % Analysis 
(2) age. 
1 20-1.0 2000-1000 -1-0 0.5 : : : Sieving 
2 = 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 15.60 15.60 15.60 Sieving 
4 0.25-0.125 250-125 2-3 2.5 17.59 17.59 33.19 Sieving 
5 0.125-0625 125-63 3-4 35 30.33 30.33 63.72 Sieving 
6 0.0625-0.0312 63-31.5 4-5 4.5 10.75 10.75 T4.47 Hydrometer 
7 ~— 0.0312-0.0156 31.5-15.6 5-6 5.5 8.21 8.21 82.68 Hydrometer 
8 — 0.0156-0.0078 15.6-7.8 6-7 6.5 7.29 7.29 89.97 Hydrometer 
9 0.0078-0.0039 7.8-3.9 7-8 ie 5.31 5.31 95.28 Hydrometer 
10 <0.0039 <3.9 8-9 8.5 4.61 4.61 99.89 Hydrometer 
Appendix-8. 
GRAIN SIZE ANALYSIS 
SAMPLE NO. KH-KHS-8/88 


LOCATION OF SAMPLE 


KHEWRA GORGE, EASTERN SALT RANGE, PAKISTAN 


WEIGHT OF SAMPLE BEFORE ANALYSIS 100GM 

Particle size Particle Class Interval Midpoint Weight Weight Cumulative Method of 

(mm) Size (2) (2) (grams) % age Weight % age. Analysis 

(microns) 

1 20-1.0 2000-1000 -1-0 -0.5 : : : Sieving 

2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 

3. 0.5-0.25 500-250 1-2 1.5 10.24 10.24 10.24 Sieving 

4 0.25-0.125 250-125 2-3 25 11.32 11.32 21.56 Sieving 

5 0.125-0625 125-63 3-4 3.5 17.13 17.13 38.69 Sieving 
6 0.0625-0.0312 63-31.5 4-5 4.5 28.22 28.22 66.91 Hydrometer 
7 0.0312-0.0156 31.5-15.6 5-6 5:5 12.20 12.20 79.11 Hydrometer 
8 —0.0156-0.0078 15.6-7.8 6-7 6.5 7.72 7.72 86.83 Hydrometer 
9 — 0.0078-0.0039 7.8-3.9 7-8 TS 6.5 6.5 96.33 Hydrometer 
10 <0.0039 <3.9 8-9 8.5 5.93 5.93 99.26 Hydrometer 


GRAIN SIZE ANALYSIS 


SAMPLE NO. KH-KHS-9/88 


LOCATION OF SAMPLE 


WEIGHT OF SAMPLE BEFORE ANALYSIS 


KHEWRA GORGE, EASTERN SALT RANGE, PAKISTAN 


Appendix-9. 


WEIGHT OF SAMPLE BEFORE ANALYSIS 


Particle size Particle Class Mid point Method of 
(mm) Size Interval (9) Analysis 
(microns) 
} 2.0-1.0 2000-1000 -1-0 -0.5 Sieving 
2 1.0-0.5 1000-500 0.5 Sieving 
3 0.5-0.25 500-250 1-2 1.5 Sieving 
4 0.25-0.125 250-125 2-3 2.5 Sieving 
5 0.125-0625 125-63 3-4 3.5 Sieving 
6 0.0625-0.03 12 63-31.5 4-5 45 Hydrometer 
7 0.0312-0.0156 31.5-15.6 5-6 5.5 Hydrometer 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 Hydrometer 
9 0.0078-0.0039 7.8-3.9 7-8 75 Hydrometer 
10 <0.0039 <3.9 8-9 8.5 Hydrometer 
Appendix-10. 
GRAIN SIZE ANALYSIS 
SAMPLE NO. KH-KHS-10/88 
LOCATION OF SAMPLE KHEWRA GORGE, EASTERN SALT RANGE, PAKISTAN 


Particle size Particle Size Class Mid point Method of 

(mm) (microns) Interval (2) Analysis 

(9) 

1 2.0-1.0 2000-1000 -1-0 -0.5 Sieving 

2 1.0-0.5 1000-500 0-1 0.5 Sieving 

3 0.5-0.25 500-250 1-2 1.5 Sieving 

4 0.25-0.125 250-125 2-3 25 Sieving 

5 0.125-0625 125-63 3-4 33 Sieving 
6 0.0625-0.0312 63-31.5 4-5 4.5 Hydrometer 
7 0.0312-0.0156 31.5-15.6 5-6 5.5 Hydrometer 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 Hydrometer 
9 0.0078-0.0039 7.8-3.9 7-8 fe) Hydrometer 
10 <0.0039 <3.9 8-9 8.5 Hydrometer 


Appendix-11. 


GRAIN SIZE ANALYSIS 
1. SAMPLE NO. KH-KHS-11/88 
2. LOCATION OF SAMPLE KHEWRA GORGE, EASTERN SALT RANGE, PAKISTAN 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GM 
Particle size Particle Class Mid point Weight Weight % Cumulative Method of 
(mm) Size Interval (9) (grams) age Weight % Analysis 
(microns) (2) age. 
j 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. -0.5-0.25 500-250 1-2 1.5 3.50 3.50 3.50 Sieving 
4 0.25-0.125 250-125 2-3 2.5 9.54 9.54 13.04 Sieving 
5 0.125-0625 125-63 3-4 3.5 19.52 19.52 32.56 Sieving 
6 —0.0625-0.0312 63-31.5 4-5 4.5 29.81 29.81 62.37 Hydrometer 
fi 0.0312-0.0156 31.5-15.6 5-6 5:5 14.55 14.55 76.92 Hydrometer 
8 — 0.0156-0.0078 15.6-7.8 6-7 6.5 9.84 9.84 86.76 Hydrometer 
9  0.0078-0.0039 7.8-3.9 7-8 ie 7.34 7.34 94.10 Hydrometer 
10 <0.0039 <3.9 8-9 8.5 5.79 5.79 99.89 Hydrometer 
Apperdix-12. 
GRAIN SIZE ANALYSIS 
SAMPLE NO. KH-KHS-12/88 
LOCATION OF SAMPLE KHEWRA GORGE, EASTERN SALT RANGE, PAKISTAN 
WEIGHT OF SAMPLE BEFORE ANALYSIS 100GM 
Particle size Particle Class Mid point Weight Weight % Cumulative Method of 
(mm) Size Interval (9) (grams) age Weight % age. Analysis 
(microns) (2) 
1 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 15.09 15.09 15.09 Sieving 
4 0.25-0.125 250-125 2-3 2.5 11.00 11.00 26.09 Sieving 
5 0.125-0625 125-63 3-4 335 14.60 14.60 40.69 Sieving 
6  0.0625-0.0312 63-31.5 4-5 4.5 25.31 25.31 66.00 Hydrometer 
7 ~~ 0.0312-0.0156 31.5-15.6 5-6 55 12.62 12.62 78.62 Hydrometer 
8 — 0.0156-0.0078 15.6-7.8 6-7 6.5 8.87 8.87 87.49 Hydrometer 
9 0.0078-0.0039 7.8-3.9 7-8 fi) 6.82 6.82 94.31 Hydrometer 
10 <0.0039 <3.9 8-9 8.5 5.59 5.59 99.00 Hydrometer 


Appendix-13. 


GRAIN SIZE ANALYSIS 
SAMPLE NO. KH-KHS-13/88 
LOCATION OF SAMPLE KHEWRA GORGE, EASTERN SALT RANGE, PAKISTAN 
WEIGHT OF SAMPLE BEFORE ANALYSIS 100 GM 
Particle size Particle Size Class Mid point Weight Weight % Cumulative Method of 
(mm) (microns) Interval (9) (grams) age Weight % Analysis 
(9) age. 
1 40-1.0 2000-1000 -1-0 -0.5 : : : Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 15 ies) 75 7.50 Sieving 
4 0.25-0.125 250-125 2-3 2.5 6.43 6.43 13.93 Sieving 
5 0.125-0625 125-63 3-4 3.5 12.56 12.56 26.49 Sieving 
6 0.0625-0.03 12 63-31.5 4-5 4.5 34.23 34.23 60.72 Hydrometer 
7 0.0312-0.0156 31.5-15.6 5-6 3:5 14.66 14.66 75.38 Hydrometer 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 9.50 9.50 84.88 Hydrometer 
9 0.0078-0.0039 7.8-3.9 7-8 Le 7.30 7.30 92.18 Hydrometer 
10 <0.0039 <3.9 8-9 8.5 7.30 7.30 99.48 Hydrometer 
Appendix-14. 
GRAIN SIZE ANALYSIS 
SAMPLE NO. KH-KHS-14/88 
LOCATION OF SAMPLE KHEWRA GORGE, EASTERN SALT RANGE, PAKISTAN 
WEIGHT OF SAMPLE BEFORE ANALYSIS 100GM 
Particle size Particle Class Mid point (9) Weight Weight % Cumulative Method of 
(mm) Size Interval (grams) age Weight % Analysis 
(microns) (9) age. 
1 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 15 4.87 4.87 4.87 Sieving 
4 0.25-0.125 250-125 2-3 23) 9.10 9.10 13.97 Sieving 
5 0.125-0625 125-63 3-4 3:5 17.30 17.30 31.27 Sieving 
6 0.0625-0.0312 63-31.5 4-5 4.5 24.57 24.57 56.84 Hydrometer 
7  0.0312-0.0156 31.5-15.6 5-6 BES) 15.98 15.98 71.82 Hydrometer 
8  0.0156-0.0078 15.6-7.8 6-7 6.5 11.89 11.89 83.80 Hydrometer 
9 — 0.0078-0.0039 7.8-3.9 7-8 75 9.39 9.39 93.19 Hydrometer 
10 <0.0039 <3.9 8-9 8.5 6.80 6.80 99.99 Hydrometer 


Appendix-15. 


GRAIN SIZE ANALYSIS 
ii SAMPLE NO. KH-KHS-15/88 
2: LOCATION OF SAMPLE KHEWRA GORGE, EASTERN SALT RANGE, PAKISTAN 
3), WEIGHT OF SAMPLE BEFORE ANALYSIS 100GM 
Particle size Particle Size Class Mid Weight Weight % Cumulative Method of 
(mm) (microns) Interval point (grams) age Weight % age. Analysis 
(2) (0) 
1 20-10 2000-1000 1-0 0.5 . - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 1:5 3.16 3.16 3.61 Sieving 
4 0.25-0.125 250-125 2-3 25 6.17 6.17 9.78 Sieving 
5) 0.125-0625 125-63 3-4 3.5 16.30 16.30 26.03 Sieving 
6 0.0625-0.0312 63-31.5 4-5 4.5 31.30 31.30 57.38 Hydrometer 
7 0.0312-0.0156 31.5-15.6 5-6 33 15.45 15.45 72.83 Hydrometer 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 10.73 10.73 83.56 Hydrometer 
9 0.0078-0.0039 7.8-3.9 7-8 TS 8.46 8.46 92.02 Hydrometer 
10 <0.0039 <3.9 8-9 8.5 7.69 7.69 99.71 Hydrometer 
Appendix-16. 
GRAIN SIZE ANALYSIS 
1. SAMPLE NO. KH-KHS-16/88 
2. LOCATION OF SAMPLE KHEWRA GORGE, EASTERN SALT RANGE, PAKISTAN 
3: WEIGHT OF SAMPLE BEFORE ANALYSIS 100GM 
Particle size (mm) Particle Size Class Interval Mid point Weight Weight % Cumulative Method of 
(microns) (@) (@) (grams) age Weight % Analysis 
age. 
1 20-10 2000-1000 1-0 0.5 - - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 1.5 15.09 15.09 15.09 Sieving 
4 0.25-0.125 250-125 2-3 2.5 11.02 11.02 26.11 Sieving 
5 0.125-0625 125-63 3-4 3:5 14.61 14.61 40.72 Sieving 
6 0.0625-0.0312 63-31.5 4-5 4.5 22.04 22.04 62.76 Hydrometer 
q 0.0312-0.0156 31.5-15.6 5-6 5.5 13.16 13.16 75.92 Hydrometer 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 9.56 9.56 85.48 Hydrometer 
9 0.0078-0.0039 7.8-3.9 7-8 75 8.20 8.20 93.68 Hydrometer 
10 <0.0039 <3.9 8-9 8.5 5.18 5.18 99.49 Hydrometer 


SAMPLE NO. 


LOCATION OF SAMPLE 


GRAIN SIZE ANALYSIS 


KH-KHS-17/88 


KHEWRA GORGE, EASTERN SALT RANGE, PAKISTAN 


Appendix-17. 


WEIGHT OF SAMPLE BEFORE ANALYSIS 100GM 
Particle size (mm) Particle Size Class Mid Weight Weight % Cumulative Method of 
(microns) Interval _ point (@) (grams) age Weight % Analysis 
(@) age. 
1 40-1.0 2000-1000 -1-0 0.5 . - : Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 1.5 18.25 18.25 18.25 Sieving 
4 0.25-0.125 250-125 2-3 2D: 12.58 12.58 30.83 Sieving 
5 0.125-0625 125-63 3-4 355: 19.33 19.33 50.16 Sieving 
6 0.0625-0.03 12 63-31.5 4-5 4.5 20.01 20.01 70.17 Hydrometer 
7 0.0312-0.0156 31.5-15.6 5-6 5.5 12.20 12.20 82.37 Hydrometer 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 8.40 8.40 90.77 Hydrometer 
9 0.0078-0.0039 7.8-3.9 7-8 7S 4.90 4.90 95.67 Hydrometer 
10 <0.0039 <3.9 8-9 8.5 3.90 3.90 99.57 Hydrometer 
Appendix-18. 
GRAIN SIZE ANALYSIS 
SAMPLE NO. KH-KHS-18/88 


LOCATION OF SAMPLE 


KHEWRA GORGE, EASTERN SALT RANGE, PAKISTAN 


WEIGHT OF SAMPLE BEFORE ANALYSIS 100GM 

Particle size Particle Class Interval Mid point Weight Weight % Cumulative Method of 

(mm) Size (2) (2) (grams) age Weight % Analysis 

(microns) age. 

| 2.0-1.0 2000-1000 -1-0 -0.5 2 : : Sieving 

2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 

3 0.5-0.25 500-250 1-2 1.5 8.84 8.84 8.84 Sieving 

4 0.25-0.125 250-125 2-3 25 6.68 6.68 15.52 Sieving 

5 0.125-0625 125-63 3-4 355 11.95 11.95 27.47 Sieving 
6 0.0625-0.0312 63-31.5 4-5 4.5 35.60 35.60 63.07 Hydrometer 
7 0.0312-0.0156 31.5-15.6 5-6 SP) 13.72 13.72 76.79 Hydrometer 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 9.56 9.56 86.35 Hydrometer 
9 0.0078-0.0039 7.8-3.9 7-8 aS 8.14 8.14 94.49 Hydrometer 
10 <0.0039 <3.9 8-9 8.5 5.49 5.49 99.98 Hydrometer 


SAMPLE NO. 


LOCATION OF SAMPLE 


GRAIN SIZE ANALYSIS 
KH-KHS- 19/88 


Appendix-19. 


KHEWRA GORGE, EASTERN SALT RANGE, PAKISTAN 


WEIGHT OF SAMPLE BEFORE ANALYSIS 100GM 
Particle size Particle Size Class Mid Weight Weight % Cumulativ Method of 
(mm) (microns) Interval point (9) (grams) age e Weight Analysis 
(2) % age. 
l 2.0-1.0 2000-1000 -1-0 -0.5 - z : Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 15 TA8 TA8 TA8 Sieving 
4 0.25-0.125 250-125 2-3 2.5 8.17 8.17 16.01 Sieving 
5 0.125-0625 125-63 3-4 3:5 12.60 12.60 28.61 Sieving 
6 0.0625-0.03 12 63-31.5 4-5 4.5 24.80 24.80 53.41 Hydrometer 
7 0.0312-0.0156 31.5-15.6 5-6 5.5 13.36 13.36 66.77 Hydrometer 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 10.26 10.26 77.03 Hydrometer 
9 0.0078-0.0039 7.8-3.9 7-8 7S 8.90 8.90 85.93 Hydrometer 
10 <0.0039 <3.9 8-9 8.5 8.90 8.90 94.83 Hydrometer 
Appendix-20. 
GRAIN SIZE ANALYSIS 
SAMPLE NO. KH-KHS-20/88 


LOCATION OF SAMPLE 


KHEWRA GORGE, EASTERN SALT RANGE, PAKISTAN 


WEIGHT OF SAMPLE BEFORE ANALYSIS 100GM 
Particle size Particle Size Class Mid point Weight Weight % Cumulative Method of 
(mm) (microns) Interval (9) (grams) age Weight % Analysis 
(2) age. 
: 2.0-1.0 2000-1000 -1-0 -0.5 2 : : Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 1.5 9.53 9.53 9.53 Sieving 
4 0.25-0.125 250-125 2-3 2.5 6.71 6.71 16.24 Sieving 
5 0.125-0625 125-63 3-4 3 11.61 11.61 27.85 Sieving 
6 0.0625-0.0312 63-31.5 4-5 4.5 49.22 49.22 77.07 Hydrometer 
i 0.0312-0.0156 31.5-15.6 5-6 5.5 10.80 10.80 87.87 Hydrometer 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 4.71 4.71 92.58 Hydrometer 
9 0.0078-0.0039 7.8-3.9 7-8 Ye 3.70 3.70 96.28 Hydrometer 
10 <0.0039 <3.9 8-9 8.5 3.70 3.70 99.98 Hydrometer 


Appendix-21. 


GRAIN SIZE ANALYSIS 
1. SAMPLE NO. KH-KHS-21/88 
2. LOCATION OF SAMPLE KHEWRA GORGE, EASTERN SALT RANGE, PAKISTAN 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GM 
Particle size Particle Size | Class Interval = Mid point Weight Weight % Cumulative Method of 
(mm) (microns) (@) (@) (grams) age Weight % Analysis 
age. 
L340 2000-1000 -1-0 0.5 : : : Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 15 2.91 2.91 2.91 Sieving 
4 0.25-0.125 250-125 2-3 2.5 5.07 5.07 7.98 Sieving 
5 0.125-0625 125-63 3-4 3.5 15.88 15.88 23.86 Sieving 
6 0.0625-0.0312 63-31.5 4-5 4.5 23.30 23.30 47.06 Hydrometer 
7 0.0312-0.0156 31.5-15.6 5-6 5:5 13.76 13.76 60.82 Hydrometer 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 12.30 12.30 73.12 Hydrometer 
9 0.0078-0.0039 7.8-3.9 7-8 LS 12.30 12.30 85.45 Hydrometer 
10 <0.0039 <3.9 8-9 8.5 12.30 12.30 97.72 Hydrometer 
Appendix-22. 
GRAIN SIZE ANALYSIS 
1. SAMPLE NO. KH-KHS-22/88 
2. LOCATION OF SAMPLE KHEWRA GORGE, EASTERN SALT RANGE, PAKISTAN 
3. | WEIGHT OF SAMPLE BEFORE ANALYSIS 100GM 
Particle size Particle Class Mid point (@) Weight Weight % Cumulative Method of 
(mm) Size Interval (9) (grams) age Weight % Analysis 
(microns) age. 
l 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 1.5 335: 3.35 3.35 Sieving 
4 0.25-0.125 250-125 2-3 2.5 4.89 4.89 8.24 Sieving 
5 0.125-0625 125-63 3-4 3:5 12.08 12.08 21.04 Sieving 
6 0.0625-0.0312 63-31.5 4-5 4.5 25.14 25.14 46.18 Hydrometer 
7 0.0312-0.0156 31.5-15.6 5-6 aEp) 16.13 16.13 62.31 Hydrometer 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 13.52 13.52 75.83 Hydrometer 
9 0.0078-0.0039 7.8-3.9 7-8 1 12.50 12.50 88.33 Hydrometer 
10 <0.0039 <3.9 8-9 8.5 11.55 11.55 99.88 Hydrometer 


Appendix-23. 


GRAIN SIZE ANALYSIS 
1. SAMPLE NO. KH-KHS-23/88 
2. LOCATION OF SAMPLE KHEWRA GORGE, EASTERN SALT RANGE, PAKISTAN 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GM 
Particle size Particle Class Mid point Weight Weight % Cumulative Method of 
(mm) Size Interval () (grams) age Weight % Analysis 
(microns) (9) age. 
1 20-1.0 2000-1000 —--1-0 0.5 : 2 : Sieving 
2 ~~ 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 15 26.54 26.54 26.54 Sieving 
4 0.25-0.125 250-125 2-3 2.5 11.68 11.68 38.22 Sieving 
5 0.125-0625 125-63 3-4 3.5 14.76 14.76 52.98 Sieving 
6 0,0625-0.0312 63-31.5 4-5 45 17.93 17.93 TAL Hydrometer 
7 0.0312-0.0156 31.5-15.6 5-6 5.5 10.34 10.34 81.25 Hydrometer 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 7.26 7.26 88.51 Hydrometer 
9  0.0078-0.0039 7.8-3.9 7-8 qT 5.57 D7 94.08 Hydrometer 
10 <0.0039 <3.9 8-9 8.5 5.57 5.57 99.65 Hydrometer 
Appendix-24. 
GRAIN SIZE ANALYSIS 
1. SAMPLE NO. KH-KHS-24/88 
2. LOCATION OF SAMPLE KHEWRA GORGE, EASTERN SALT RANGE, PAKISTAN 
3. | WEIGHT OF SAMPLE BEFORE ANALYSIS 100GM 
Particle size (mm) Particle Class Mid point Weight Weight % Cumulative Method of 
Size Interval (@) (grams) age Weight % Analysis 
(microns) (9) age. 
! 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1:5 17.07 17.07 17.07 Sieving 
4 0.25-0.125 250-125 2-3 25 10.43 10.43 27.50 Sieving 
5 0.125-0625 125-63 3-4 35 15.62 15.62 43.12 Sieving 
6 —0.0625-0.0312 63-31.5 4-5 4.5 31.91 31.91 75.03 Hydrometer 
7 0.0312-0.0156 31.5-15.6 5-6 5.5 9.81 9.81 84.84 Hydrometer 
8 —0.0156-0.0078 15.6-7.8 6-7 6.5 5.51 5.51 90.35 Hydrometer 
9  0.0078-0.0039 7.8-3.9 7-8 75 4.82 4.82 95.17 Hydrometer 
10 <0.0039 <3.9 8-9 8.5 4.10 4.10 99.27 Hydrometer 


Appendix — 25- 


GRAIN SIZE ANAYSIS 
SAMPLE KH-KHS-25/88 
LOCATION OF SAMPLE KHEWRRA CORGE, EASTERN SALT RANGE, PAKISTAN. 
WEIGHT OF SAMPLE BEFORE ANAYLSIS — 100gms. 
Particle Particle Class Mid Weight Weight Cumulative Method of 
Size Size Interval point (grams) %age Weight % age Analysis 
(mm) (microns) (2) (2) 
1 2.0-1.0 2000-1000 -1.0 -0.5 - - - Sieving 
2: 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 1.5 20.05 20.05 20.00 Sieving 
4 0.25-0.125 250-125 2-3 25 10.17 10.17 30.22 Sieving 
5 0.125-0625 125-63 3-4 3.5 21.43 21.43 51.56 Sieving 
6 0.0625-0.0312 63-31.5 4-5 4.5 15.42 15.42 67.07 Hydrameter 
7 0.0312-0.0156 31.5-15.6 5-6 5.5 10.65 10.65 TAZ Hydrameter 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 8.36 8.36 86.88 Hydrameter 
9 0.0078-0.0039 7.8-3.9 7-8 7.5 7.10 7.10 93.18 Hydrameter 
1 <0.0039 <3.9 8-9 8.5 6.73 6.73 99.91 Hydrameter 
Appendix — 26- 
GRAIN SIZE ANAYSIS 
SAMPLE KH-KHS-26/88 
LOCATION OF SAMPLE KHEWRRA CORGE, EASTERN SALT RANGE, PAKISTAN. 
WEIGHT OF SAMPLE BEFORE ANAYLSIS _ 100gms. 
Particle Particle Class Mid Weight Weight Cumulative Method of 
Size Size Interval point (grams) % age Weight % age — Analysis 
(mm) (microns) (9) (9) 
1 2.0-1.0 2000-1000 -1.0 -0.5 - - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 1.5 10.42 10.42 10.42 Sieving 
4 0.25-0.125 250-125 2-3 2:5 10.42 10.42 20.84 Sieving 
5 0.125-0625 125-63 3-4 3.5 63.30 63.30 84.14 Sieving 
6 0.0625-0.0312 63-31.5 4-5 4.5 5.50 5.50 89.64 Hydrameter 
7 0.0312-0.0156 31.5-15.6 5-6 5.5 3.90 3.90 93.54 Hydrameter 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 2.40 2.40 95.94 Hydrameter 
9 0.0078-0.0039 7.8-3.9 7-8 75 2.00 2.00 97.94 Hydrameter 
1 <0.0039 <3.9 8-9 8.5 2.00 2.00 99.94 Hydrameter 


Appendix — 27- 


GRAIN SIZE ANAYSIS 
1. SAMPLE KH-KHS-27/88 
2. LOCATION OF SAMPLE KHEWRRA CORGE, EASTERN SALT RANGE, PAKISTAN. 
3. WEIGHT OF SAMPLE BEFORE ANAYLSIS — 100gms. 
Particle Particle Class Mid Weight Weight Cumulative Method of 
Size Size Interval point (grams) % age Weight % age Analysis 
(mm) (microns) (@) (@) 
1 2.0-1.0 2000-1000 -1.0 -0.5 - - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 1,5 7.76 7.76 7.76 Sieving 
4 0.25-0.125 250-125 2-3 2:5 6.90 6.90 14.66 Sieving 
5 0.125-0625 125-63 3-4 3:5 12.50 12.50 27.16 Sieving 
6 0.0625-0.0312 63-31.5 4-5 4.5 23.27 23.27 50.16 Hydrameter 
7 0.0312-0.0156 31.5-15.6 5-6 5.5 17.79 19.20 68.22 Hydrameter 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 13.21 13.21 81.43 Hydrameter 
9 0.0078-0.0039 7.8-3.9 7-8 75 9.70 9.70 91.13 Hydrameter 
10 <0.0039 <3.9 8-9 8.5 8.51 99.64 Hydrameter 
Appendix — 27- 
GRAIN SIZE ANAYSIS 
1. SAMPLE KH-KHS-28/88 
2. LOCATION OF SAMPLE KHEWRRA CORGE, EASTERN SALT RANGE, PAKISTAN. 
3. WEIGHT OF SAMPLE BEFORE ANAYLSIS  100gms. 
Particle Particle Class Mid Weight Weight Cumulative Method of 
Size Size Interval point (grams) % age Weight % age = Analysis 
(mm) (microns) (®) (@) 
1 2.0-1.0 2000-1000 -1.0 -0.5 - - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 1.5 12.74 12.74 12.74 Sieving 
4 0.25-0.125 250-125 2-3 2.5 6.93 6.93 19.67 Sieving 
5 0.125-0625 125-63 3-4 3.5 15.00 15.00 34.67 Sieving 
6 0.0625-0.0312 63-31.5 4-5 4.5 19.13 19.13 53.80 Hydrameter 
7 0.0312-0.0156 31.5-15.6 5-6 5:5 12.00 12.00 65.80 Hydrameter 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 12.00 12.00 77.80 Hydrameter 
9 0.0078-0.0039 7.8-3.9 7-8 7.5 11.00 11.00 88.80 Hydrameter 
l <0.0039 <3.9 8-9 8.5 11.00 11.00 99.80 Hydrameter 
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GRAIN SIZE ANAYSIS 
SAMPLE KH-KHS-29/88 
LOCATION OF SAMPLE KHEWRRA CORGE, EASTERN SALT RANGE, PAKISTAN. 
WEIGHT OF SAMPLE BEFORE ANAYLSIS_ 100gms. 
Particle Particle Class Mid Weight Weight Cumulative Method of 
Size Size Interval point (grams) % age Weight % age = Analysis 
(mm) (microns) (2) (2) 
1 2.0-1.0 2000-1000 -1.0 -0.5 - - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 1.5 9.81 9.81 9.81 Sieving 
4 0.25-0.125 250-125 2-3 2:5) 12.54 12.54 22.35 Sieving 
5 0.125-0625 125-63 3-4 3.5 37.85 37.85 60.20 Sieving 
6 0.0625-0.0312 63-31.5 4-5 4.5 11.11 11.11 71.31 Hydrameter 
7 0.0312-0.0156 31.5-15.6 5-6 5.5 6.63 6.63 77.94 Hydrameter 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 8.21 8.21 86.15 Hydrameter 
9 0.0078-0.0039 7.8-3.9 7-8 re) 6.50 6.50 92.65 Hydrameter 
10 <0.0039 <3.9 8-9 8.5 6.50 6.50 99.15 Hydrameter 
Appendix — 30- 
GRAIN SIZE ANAYSIS 
SAMPLE KH-KHS-30/88 
LOCATION OF SAMPLE KHEWRRA CORGE, EASTERN SALT RANGE, PAKISTAN. 
WEIGHT OF SAMPLE BEFORE ANAYLSIS _ 100gms. 
Particle Particle Class Mid Weight Weight Cumulative Method of 
Size Size Interval point (grams) % age Weight % age — Analysis 
(mm) (microns) (2) (2) 
1 2.0-1.0 2000-1000 -1.0 -0.5 - - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 1:5: 2.80 2.80 2.80 Sieving 
4 0.25-0.125 250-125 2-3 2.5 4.38 4.38 7.18 Sieving 
5 0.125-0625 125-63 3-4 3.5 16.77 16.77 23.95 Sieving 
6 0.0625-0.0312 63-31.5 4-5 4.5 19.42 19.42 43.37 Hydrameter 
7 0.0312-0.0156 31.5-15.6 5-6 a. 16.84 16.84 60.21 Hydrameter 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 13.24 13.24 73.45 Hydrameter 
9 0.0078-0.0039 7.8-3.9 7-8 75 12.00 12.00 85.45 Hydrameter 
10 <0.0039 <3.9 8-9 8.5 11.24 11.24 96.96 Hydrameter 
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GRAIN SIZE ANAYSIS 
1. SAMPLE KH-KHS-31/88 
2. LOCATION OF SAMPLE KHEWRRA CORGE, EASTERN SALT RANGE, PAKISTAN. 
3) WEIGHT OF SAMPLE BEFORE ANAYLSIS_ 100gms. 
Particle Particle Class Mid Weight Weight Cumulative Method of 
Size Size Interval point (grams) % age Weight % age Analysis 
(mm) (microns) (@) (@) 
1 2.0-1.0 2000-1000 -1.0 -0.5 - - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 1;5 12.47 12.47 12.47 Sieving 
4 0.25-0.125 250-125 2-3 2:5 9.44 9.44 21.91 Sieving 
5 0.125-0625 125-63 3-4 3:5 63.12 63.12 85.09 Sieving 
6 0.0625-0.0312 63-31.5 4-5 4.5 5.01 5.01 90.04 Hydrameter 
7 0.0312-0.0156 31.5-15.6 5-6 5.5 4.22 4.22 94.26 Hydrameter 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 2.80 2.80 97.06 Hydrameter 
9 0.0078-0.0039 7.8-3.9 7-8 15 1.00 1.00 98.06 Hydrameter 
10 <0.0039 <3.9 8-9 8.5 1.00 1.00 99.06 Hydrameter 
Appendix — 32- 
GRAIN SIZE ANAYSIS 
1. SAMPLE KH-KHS-32/88 
2. LOCATION OF SAMPLE KHEWRRA CORGE, EASTERN SALT RANGE, PAKISTAN. 
3. WEIGHT OF SAMPLE BEFORE ANAYLSIS _ 100gms. 
Particle Particle Class Mid Weight Weight Cumulative Method of 
Size Size Interval point (grams) % age Weight % age Analysis 
(mm) (microns) (@) (®) 
1 2.0-1.0 2000-1000 -1.0 -0.5 - - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 1.5 0.81 0.81 0.81 Sieving 
4 0.25-0.125 250-125 2-3 25 3.10 3.10 3.91 Sieving 
5 0.125-0625 125-63 3-4 3.5 45.60 45.60 49.51 Sieving 
6 0.0625-0.0312 63-31.5 4-5 4.5 15.97 15.97 65.48 Hydrameter 
7 0.0312-0.0156 31.5-15.6 5-6 59 9.38 9.38 74.86 Hydrameter 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 8.37 8.37 83.23 Hydrameter 
9 0.0078-0.0039 7.8-3.9 7-8 7.5 8.37 8.37 91.60 Hydrameter 
1 <0.0039 <3.9 8-9 8.5 8.37 8.37 99.97 Hydrameter 
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KHEWRRA CORGE, EASTERN SALT RANGE, PAKISTAN. 


WEIGHT OF SAMPLE BEFORE ANAYLSIS  100gms. 
Particle Particle Class Mid Weight Weight Cumulative Method of 
Size Size Interval point (grams) % age Weight % age Analysis 
(mm) (microns) (2) (2) 
1 2.0-1.0 2000-1000 -1.0 -0.5 - - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 1.5 0.57 0.57 0.57 Sieving 
4 0.25-0.125 250-125 2-3 2.5 4.10 4.10 4.67 Sieving 
5 0.125-0625 125-63 3-4 3,5 43.60 43.60 48.27 Sieving 
6 0.0625-0.0312 63-31.5 4-5 4.5 17.03 17.03 65.30 Hydrameter 
7 0.0312-0.0156 31.5-15.6 5-6 a 9.50 9.50 74.80 Hydrameter 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 8.96 8.96 83.76 Hydrameter 
9 0.0078-0.0039 7.8-3.9 7-8 7.5 8.04 8.04 91.80 Hydrameter 
10 <0.0039 3.9 8-9 8.5 8.00 8.00 99.80 Hydrameter 
Appendix — 34- 
GRAIN SIZE ANAYSIS 
SAMPLE KH-KHS-34/88 
LOCATION OF SAMPLE KHEWRRA CORGE, EASTERN SALT RANGE, PAKISTAN. 
WEIGHT OF SAMPLE BEFORE ANAYLSIS _ 100gms. 
Particle Particle Class Mid Weight Weight Cumulative Method of 
Size Size Interval point (grams) % age Weight % age Analysis 
(mm) (microns) (9) (9) 
1 2.0-1.0 2000-1000 -1.0 -0.5 - - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 6.19 6.19 6.19 Sieving 
3 0.5-0.25 500-250 1-2 1.5 8.76 8.76 14.95 Sieving 
4 0.25-0.125 250-125 2-3 2.5 5.60 5.60 20.55 Sieving 
5 0.125-0625 125-63 3-4 3.5 58.14 58.14 78.69 Sieving 
6 0.0625-0.0312 63-31.5 4-5 4.5 7.39 7.39 86.08 Hydrameter 
7 0.0312-0.0156 31.5-15.6 5-6 5.5 3.90 3.90 89.98 Hydrameter 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 3.69 3.69 93.67 Hydrameter 
9 0.0078-0.0039 7.8-3.9 7-8 7.5 3.31 3.31 96.98 Hydrameter 
10 <0.0039 <3.9 8-9 8.5 2.90 2.90 99.88 Hydrameter 
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GRAIN SIZE ANAYSIS 
SAMPLE KH-KHS-35/88 
LOCATION OF SAMPLE KHEWRRA CORGE, EASTERN SALT RANGE, PAKISTAN. 


WEIGHT OF SAMPLE BEFORE ANAYLSIS —100gms. 


Particle Particle Class Mid Weight Weight Cumulative Method of 
Size Size Interval point (grams) % age Weight % age Analysis 
(mm) (microns) (9) (9) 
1 2.0-1.0 2000-1000 -1.0 -0.5 - - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 4.16 4.16 4.16 Sieving 
3 0.5-0.25 500-250 1-2 1.5 37.47 37.47 41.63 Sieving 
4 0.25-0.125 250-125 2-3 2.5 49.75 49.75 91.38 Sieving 
5 0.125-0625 125-63 3-4 3:5 3.34 3.34 94.38 Sieving 
6 0.0625-0.0312 63-31.5 4-5 4.5 3.11 3.11 97.92 Hydrameter 
7 0.0312-0.0156 31.5-15.6 5-6 5:5 1.80 1.80 99.72 Hydrameter 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 0.23 0.23 100.00 Hydrameter 
9 0.0078-0.0039 7.8-3.9 7-8 7.5 - - - Hydrameter 
10 <0.0039 <3.9 8-9 8.5 - - - Hydrameter 


4.1. THE PRELIMINARY GEOLOGICAL FIELD STUDIES OF THE 
KHEWRA SANDSTONE EXPOSED AT NILAWAHAN. 


4i1 ABSTRACT 


The detailed geological field studies of the Khewra Sandstone were conducted at 
Nilawahan. The sandstone represents a disturbed contact with the underlying Salt Range 
Formation of Pre-Cambrian age and a disconformable contact with the overlying Kussak 
Formation of Cambrian age. This contact is marked by a conglomeratic bed of about 2m, 
thick. The Khwera Sandstone may be divided into 3 main units, called as A, B, and C. 
The unit A is shaly while units B and C are silty/sandy. The shales are 14.37% and 
sandstones 85.63% . The sand-shale ratio is 5.96. The unit C may be exploited as glass 
sand after removing the impurities and building stone. Unit B and C may be exploited as 
reservoirs for water, oil and gas. The formation consists of 629 total beds (including 
micro beds) and 127 major beds. The Khewra Sandstone exposed at Nilawahan is 
161.84m thick. 


41.2 INTRODUCTION: 


The outcrop of the Khwera Sandstone exposed at Nilawahan area appear as steep 
slopes along the Nilawahan. The Nilawahan may be approached through a coal mine road 
leading to the coal and salt mining area exposed on the slopes in the Nilawahan. The 
roads for the salt mining can also lead to the Khwera Sandstone exposures in the 
Nilawahan area (Fig. 1.1). 


41.2 GENERAL DESCRIPTION: 


The Khewra Sandstone exposed at Nilawahan is dark brown, purple, greenish 
brown, yellowish brown and reddish brown sandstone and is about 161.84m thick. The 
formation consists of shales, siltstones, sandstones and minor carbonate beds and may be 
divided into 3 units on the basis of bedding character and lithology . The lower unit or 
unit A displays thin to medium bedded shales, siltstones and sandstones. The middle unit 
or unit B contains medium to thick bedded siltstone or sandstones intercalating shales. 
The upper unit or unit C displays thick to massive bedd" siltstones and sandstones. The 
sandstones are fine to medium grained, occasionally coarse grained, medium to well 
sorted, ripple marked, mud cracked, cross bedded, lenticular bedded, concretionary and 
often displays load castings. The grain size of the Khewra Sandstone increases from the 
base to the top of the formation. The colour also gets lighter from dark brown at the base 
to light brown and yellowish white towards the top. The sandstone dips at 20-45° in 
northwest direction. The beds at the base dip at about 45° while at the top dips vary 
between 20-32°. The shales are 14.37% and the sandstones 85.63%. The sand shale ratio 
is 5.96 (Levorsen, 1967). Tables 4.1.1, 4.1.2, 4.1.3 and 4.1.4 give the stratigraphic positions 
of the samples, general lithology of the major/micro beds, the sand-shale percentages/ 
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Unit-C, / It consists of massive bedded light brown 
to whitish brown sandstone. It is cross bedded medium 
to coarse grained and ferrogenous. The grain size 

increases towards the top of the Unit. The colour also 


Fig 4.i.1 Continued 


bs Unit-B.- 62..9¢m 

The Unit B includes dark brown to light brown 
thick to medium bedded sandstones. The coiour 
becomes lighter towards the top. This unit is 
medium to fine grained sandstone. 


Fig4.i.1 Continued 


dml|UNIT BR. 


j Unit - A. 5Y2bm 


ASA | 
Pe 


The siltstone are brown to green cross bedded, ripple 
marked and display salt pseudomorph structures, The 
shales are calcareous, dark purple, thinly laminated, 
and display micas at bedd@ng surfaces. 


20 


5 
4 x 
° ~ 
1 = z 
m 
~ HY aes 8) 
x 
=a 
) 
Scale. 


SALT RANGE Frm. 


The unit A consists of interbedded siltstones and shales. 


< 256 ) 


ratios and the samples description, respectively. Figures 4.1.1, 4.1.2 and 4.1.3 represent the 
stratigraphic position general lithology, sand shale percentages &the sand shale ratios’ 
respectively. The lower contact with the underlying Pre-Cambrian, Salt Range Formation is 
partly disturbed but distinction between the Khewra Sandstone and the Salt Range Formation 
may be seen at Nilawahan. The upper contact of the Khwera sandstone with the overlying 
Kussak Formation is disconformable which is marked by a conglomeratic bed of about 2m 
thick. The conglomeratic bed consists of gravels, pebbles and coarse quartzitic sandstone 
with detritus shaly inclusions. The Khewra Sandstone contains 127 major beds and 629 total 
beds including micro beds. 


41.4 UNITA 


The lower unit or unit A is 54.21m thick and consists of purple to dark brown and 
greenish brown shales intercalating silt stones and sandstones. The shales are medium hard, 
thinly bedded, calcareous" fractured and display variation of colours from dark brown to 
greenish grey. The fractures in the shales are occasionally filled with gypsum and other 
minerals. The siltstones are thin to medium bedded, greenish brown to brown, display cross 
bedding, ripple marks, lenticular bedding and salt pseudomorph structures. The sandstones 
are thin to medium bedded, flaggy and display faint fossil impressions/tracks. The sandstones 
are mostly brown to purple, but occasionally display greenish grey colour. the sandstones 
also exhibits ripple marks, cross bedding and lenticular bedding. The shales, siltstones and 
sandstones present in this unit are calcareous and occasionally show lenticular beds of marl 
and limestone. The lower unit consists of 75 major beds and 540 total beds including micro 
beds. The shales are 38.78% and sandstones 61.21%. The sand-shale ratio is 1.57. The unit A 
may be further subdivided into 3 sub-units. The lower subunit is 22m thick and displays a 
disturbed contact with the lower lying Salt Range Formation. The disturbance appears due to 
the salt tectonics, but a clear distinction can be observed in the Khewra Sandstone and the 
Salt Range Formation due to comparatively dark brown colour of the Khewra Sandstone and 
the bright red colour of the Salt Range Formation. This sub unit mainly includes marly shales 
of purple red colour, but occasionally displays greenish grey colour. The silt 
stones/sandstones are thinly bedded intercalating the shales. It is calcareous and cross 
bedded. The greenish grey colour appears to be the original depositional colour of the 
siltstones, sandstones and shales. The purple and red colours may be either due to the 
oxidation of the transported materials, (detritus) from the continental source or it may be due 
to the percolating solutions during the erosion of the Khewra Sandstone after its deposition, 
which is marked by a disconformity. The shales of this subunit gradually become more silty 
towards the top. The top of this subunit is marked by a comparatively medium to thick 
bedded argillaceous siltstone/sandstone. 


The middle subunit of unit A is 12m thick and includes thinly bedded shales, thin to 
medium bedded siltstones/ sandstones. The siltstones/sandstones and shales are marly and 
grade into lenticular carbonate beds. The siltstones/ sandstones are comparatively thicker 
than the siltstones/sandstones of the lower subunit. The shales become more sandy towards 
the top of this subunit. 


The upper subunit of the unit A is 20.21m thick and is marked by the lenticular 
and thick bedded siltstones/sandstone at its base. The lenticular bedding represents 
gradation of sandstones and carbonates. The shales are thinner and _ the 
siltstones/sandstones are comparatively thicker. The subunit displays a bed of shale at its 
top and is conformably overlain by the unit B of the Khewra Sandstone. 
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4i5 UNIT-B 


The middle unit or unit B of Khewra Sandstone is 62.18m thick and contains 
cross bedded, calcareous, ripple marked, glauconitic and occasionally micaceous 
siltstones/sandstones intercalating thin shales. The siltstones/sandstones are thin to 
medium bedded at the base but gradually display medium to thick bedding and 
occasionally massive bedding towards the top. The siltstones/sandstones are bine to 
medium grained, moderately sorted, sub rounded to sub angular, highly porous and 
display gradual increase in grain size towards the top of this unit. These siltstones and 
sandstones are medium hard to hard and ridge forming. This unit includes shale 3.59%, 
sandstones/siltstones 96.41%. The sand-shale ratio is 26.85. (Levorsen, 1967, Table 4.1.3, 
Fig-4.1.3). The unit B consists of 45 major beds and 82 total beds including microbeds 
(Table-4.1.2). 


Unit B may be further subdivided into 2 sub units. The lower subunit of the unit B 
contains thick to medium bedded siltstones/sandstones with minor shales. The thickness 
of beds increases towards the top of this subunit and similarly the grain size increases 
towards the top of this subunit. The shales also become thinner towards the top. The 
siltstones, sandstones and shales are calcareous and the porosity appears to be fair. The 
subunit is 43.18m thick. 


The upper subunit of unit B is about 19m thick and consists of thick to massive 
bedded siltstones/sandstones with minor shales. The grain size increases towards the top 
of this subunit. The sandstones and siltstones are calcareous, subangular to subrounded, 
cross bedded, occasionally concretionary and display chemical weathering due to the 
dissolution of water slouble minerals. 


416 UNIT-C 


The upper unit or unit C is 45.45m thick and consists of medium to coarse 
grained, medium hard to friable sandstones and siltstones. This unit is massive bedded 
and contains light brown to yellowish brown and yellowish white, cross bedded 
sandstones. The colour of the reddish brown sands at the base of this unit changes to 
yellowish white and yellowish red towards its top. The grain size increases towards the 
top of this unit and a conglomeratic bed marks the top of this units. This conglomeratic 
bed marks the disconformity between the upper lying Kussak Formation and the lower 
lying Khewra Sandstone. Porosity of this unit is fair. The conglomeratic bed includes 
mainly subrounded to rounded pebbles of quartz, shaly detritus and other rock fragments. 
It is interesting that the unit C displays very thin coaly inclusions which are lenticular in 
nature and about | to 3cm thick. This unit consists of 100% siltstones/sandstones. (Table- 
4.1.3). 
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41.7 ENVIRONMENTS OF DEPOSITION 


The presence of the carbonate beds, salt pseudomorph structures, glauconites, fossil 
impression/tracks in the lower and middle units indicate that the Khewra Sandstone was 
deposited in fluvio-marine environments. The lower unit displays the fine detritus and low 
energy deposition, while the middle and the upper units were deposited comparatively in high 
energy waters. The energy of deposition comparatively increased during the deposition from 
the base to the top of the Khewra Sandstone. The presence of coaly lenticular beds indicate 
the transportation of coaly detrital material from the continent, located towards south and 
south east. The coaly material was identified as algenitic coal, formed due to some algal 
remains. The greenish grey colour appears to be the original depositional colour of the shales, 
siltstones and sandstones. The purple and red colours may be either due to the oxidation of 
the transported materials, detritus from the continental source or it may be due to the 
percolating solutions during the erosion of the Khewra Sandstone after its deposition which is 
marked by a disconformity. The Khewra Sandstone occasionally displays whitish bands of 
thin siltstones and sandstones interbedded dark brown sandstones and siltstones. These 
whitish beds could be due to the transportation of sandy/silty material from the deserts by the 
wind. 


41.8 ECONOMIC IMPORTANCE 


1. The units B and C of the Khewra Sandstone display porous horizons (Fig. 4.1.1) and 
these horizons appear to be good reservoir for water, oil and gas. 


= The flaggy beds of the Khewra Sandstone can be used as building materials in the 
local areas, graveyard slabs and as decorative building material in the big towns. 


41.9 SUMMARY AND CONCLUSIONS 


t. The Khewra Sandstone exposed at Nilawahan is 161.84m thick. 

2. The formation consists of purple to brown siltstone/sandstone and dark reddish 
brown shales. 

a The Khewra Sandstone displays carbonate beds, glauconite, beds, coaly partings and 
fossil impression/tracks and was most likely deposited in shallow marine to flvsatile 
condition. 

4. The Khewra Sandstone may be divided into 3 distinct units called as units A, B and 
C (Fig-4.1.1), representing lower, middle and upper units, respectively. 

2. The shales are 14.37% and sandstone 85.63% (Table. 4.1.3) and the sand-shale ratio 
is 5.96 (Table. 4.1.3, fig. 4.1.3). 

6. The units B and C may be exploited for water oil and gas in the subsurface. 

cs The unit B may be used as building materials. 
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TABLE: 4.1.1: 


STRATIGRAPHIC POSITION OF SAMPLES FROM KHEWRA SANDSTONE EXPOSED AT 


NILAWAHAN 
SAMPLE NO MAIN LITHOLOGY MAJOR BEDS SAMPLE POSITION. 
NWN-KHS- 0 FT ES ES SS (cm) 
Sr. No. THICKNESS(cm) Above the base 
1/88, Gypseous Marl - - Just below the base 
of Khewra Sandstone 
2/88, Siltstone and siltyshale 1 100 1.0 above the base 
3/88, Siltstone 1 100 100 
4/88, Siltstone to fine sandstone 2 130 310 
5/88, Siltstone and silty shale 4 170 623 
6/88, Siltstone to fine sandstone 5 212 835 
7/88, Siltstone 6 160 995 
8/88, Siltstone 8 114 1279 
9/88, Siltstone to fine sandstone 9 140 1419 
10/87, Silty shale 10 170 1589 
11/88, Siltstone to fine sandstone 12 70 1730 
12/88, Dolomitic siltstone to silty 13 200 1999 
dolomite 
13/88, Siltstone to fine sandstone 14 370 2369 
and shale 
14/88, Siltstone to fine sandstone 15 316 2685 
and shale 
15/88, Siltstone to fine sandstone 16 200 2885 
and shale 
16/88, Fine sandstone to siltstone 17 85 2970 
Shale 
17/88, Shale 18 18 2900 
18/88, Siltstone to fine sandstone 19 241 3229 
and shale 
19/88, Shale 28 25 3390 
20/88, Calcareous sandstone to 29 21 3411 
siltstone 
21/88, Siltstone to fine sandstone 33 49 3559 
22/88, Shale 34 15 3574 
23/88, Siltstone 35 9.5 3583.5 
24/88, Calcareous sandstone to 36 27 3610.5 
siltstone 
25/88, Siltstone to calcareous 38 16 3651.5 
26/88, Sandstone 
26/88, Siltstone to calcareous 46 15 3846.5 
siltstone/mudstone 
27/88, Shale and calcareous 54 44 4113.5 
siltstone/mudstone 
28/88, Silty dolomite to dolomitic 55 50 4163.5 
siltstone 
29/88, Shale 58 115 4438.5 
30/88, Fine sandstone to 62 45 4654.5 
calcareous siltstone 
31/88, Shale 63 10 4654.5 
32/88, Calcareous siltstone to 68 50 6868.5 


sandstone 


33/88 Shale and Sandstone 73 12 5077.5 


34/88 Shale and sandstone 715 170 5421.5 
35/88 Shale 77 48 5512.5 
36/88 Sandstone 81 93 5754.5 
37/88 Fine sandstone to siltstone 86 159 6189.5 
38/88 Shale and fine sandstone 88 140 6463.5 
39/88 Sandstone 93 123 6821.5 
40/88 Fine sandstone to siltstone 96 116 7279.5 
41/88 Sandstone 100 135 7894.5 
42/88 Sandstone 102 75 8056.5 
43/88 Shale 103 25 8001.5 
44/88 Shale 105 20 8171.5 
45/88 Sandstone 107 110 8451.5 
46/88 Shale 100 12 8463.5 
47/88 Sandstone 113 96 9070.5 
48/88 Sandstone 117 140 9744.5 
49/88 Sandstone 118 872 10616.5 
50/88 Sandstone 119 765 11381.5 
51/88 Sandstone 120 258 11639.5 
52/88 Sandstone 121 340 11979.5 
53/88 Sandstone 121 512 12491.5 
54/88 Sandstone 122 600 13091.5 
55/88 Sandstone 123 730 13821.5 
56/88 Sandstone 124 310 14131.5 
57/88 Sandstone 124 480 14611.5 
58/88, Sandstone 124 250 14861.5 
59/88 Sandstone 125 523 15384.5 
60/88 Sandstone 126 600 15984.5 
61/88 Conglomeratic sandstone 127 200 16184.5 
62/88 Siltstone of Kussak - - Just above from 
Formation the Kussak 
Formation 


TABLE: 4. i. 2. GENERAL LITHOLOGY OF THE MAJOR BEDS OF SAMPLES OBTAINED FROM KHEWRA SANDSTONE 


EXPOSED AT NILAWAHAN. 

THICKNESS MAJOR MICRO SAMPLE MAIN GENERAL APPROXIMATE 

MAJOR BEDS BEDS BEDS NWN-KHS LITHOLOGY LITHOLOGY PERNENTAGTE 

UNIT-A 

100 1 20 1/88 Gypsepous Gypseous marl Gypesous 
marl marl 100% 

2/88 Siltstones Intercalation Siltstone 50% 
and siltiy of siltstone Silty shale 
shale with shale 50% 
3/88 Siltstone Intercalation Siltstone 50% 
of siltstone Silty shale 
and siltstone 50% 

130 2 6 4/88 Siltstone Intercalation Siltstone 70% 
To fine of siltstone Shale 30% 
Sandstone and siltstone 

143 3 20 - - Intercalation Siltstone 60% 
of siltstone Shale 40% 
and siltstone 

170 4 20 5/88 Siltstones Intercalation Siltstone 60% 
and siltiy of siltstone Shale 40% 
shale and siltstone 

212 5 26 6/88 Siltstones Intercalation Siltstone 50% 
and fine of siltstone Shale 50% 
shale and siltstone 

160 6 12 7/88 Siltstones Intercalation Siltstone 50% 
of siltstone Shale 50% 
and siltstone 

170 3 20 7/88, Siltstones Intercalation Siltstone 50% 
of siltstone Shale 50% 
and siltstone 

114 8 8 8/88 Siltstones Siltstone Siltstone 20% 
interbedded Shale 80% 
with sahle. 

140 9 10 9/88 Siltstones Intercalation Siltstone 20% 
and fine of siltstone Shale 80% 
shale and shale. 

170 10 15 10/88 Silty shale Intercalation Siltstone 20% 
of siltstone Shale 80% 
and silty shale. 

140 11 15 - - Intercalation Siltstone 50% 
of siltstone Shale 50% 
and silty shale. 

70 12 6 11/88 Siltstones Intercalation Siltstone 10% 

and fine of siltstone Shale 90% 
shale and shale 


200 


370 


216 


200 


85 


10 


241 


10 


12 


10 


20 


17 


21 


15 


19 


20 


21 


22 


23 


24 


25 


26 


27 


26 


14 


30 


12 


12/88 


13/88 


14/88 


15/88 


16/88 


17/88 


18/88 


Dolomitic 
Siltstone 
To silty 
dolomile 
Siltstones 
to fine 
sandstone 
and shale 
Shale and 
siltstone 
to fine 
sandstone. 
Shale and 
siltstone 
to fine 
sandstone. 
Fine sand- 
stone to 
siltstone 
Shale 


Shale and 
siltstone 
to fine 
sandstone. 


Intercalation 
shale and 
dolomitic 
siltstone. 
Intercalation 
of shale and 
siltstone 


Intercalation 
of siltstone 
and shale 


Intercalation 
of shale and 
siltstone 


Intercalation 
of siltstone 
and shale 
Thinly bedded 
Shale. 
Intercalation 
of shale and 
siltstone 


Siltstone 
interbedded 
with shale. 
Siltstone 


Shale thinly 
bedded. 
Intercalaction 
of siltstone 
and shale. 
Intercalaction 
of siltstone 
and shale. 
Siltstone 


Intercalaction 
of siltstone 
and shale. 
Siltstone and 
shale 
intercalated 


Shale 95% 
Siltstone 5% 


Shale 60% 
Siltstone 40% 


Siltstone 70% 
Shale 30% 


Siltstone 45% 
Shale 55% 


Siltstone 98% 
Shale 2% 
Shale 100% 
Siltstone 95% 
Shale 5% 
Siltstone 10% 


Shale 90% 


Siltstone 
100% 


Shale 100% 


Siltstone 98% 
Shale 2% 


Siltstone 80% 
Shale 20% 


Siltstone 
100% 


Siltstone 2% 
Shale 98% 


Siltstone 95% 
Shale 5% 


29 


21 


16 


32 


51 


49 


15 


9.5 


27 


25 


16 


13 


40 


28 


29 


30 


31 


32 


33 


34 


35 


36 


37 


38 


39 


40 


41 


42 


10 


12 


25/88 


Shale 


Calcareous 
siltstone 

to silt- 
stone 


Siltstone 
to fine 
sandstone 
Shale 


Siltstone 


Calcareous 
siltstone 

to silt- 
stone 


Siltstone 
to 
calcareous 
sandstone 


Intercalation 
of shale and 
siltstone. 
Intercalation 
of shale with 
siltstone 
Interbedded 
sandstone 
with shale. 


Sandstone 
Intercalated 
shale 
Sandstone 


Interbedded 
shale and 
sandstone 
Sandstone 
intercalated 
thin shale 
Thinly bedded 
shale. 
Siltstone 


Intercalation 
of and siltstone 
shale. 


Sandstone 


Intercalation 
of and siltstone 
shale 


Sandstone 


Intercalation 
of and siltstone 
shale 
Sandstone 


Sandstone and 
shale inter- 
bedded 


Siltstone 5% 
Shale 95% 


Siltstone 5% 
Shale 95% 


Sandstone 98% 
Shale 2% 


Sandstone 20% 
Shale 80% 


Sandstone 
100% 


Sandstone 50% 
Shale 50% 


Sandstone 99% 
Shale 1% 


Shale 100% 


Sandstone 
100% 


Sandstone 20% 
Shale 80% 


Sandstone 
100% 


Sandstone 90% 
Shale 20% 


Sandstone 
100% 
Sandstone 30% 
Shale 70% 


Sandstone 
100% 
Sandstone 40% 
Shale 60% 


37 


51 


42 


44 


50 


40 


120 


43 


44 


45 


46 


47 


48 


49 


50 


51 


52 


53 


54 


55 


56 


57 


10 


10 


26-88 


27-88 


28-88 


Siltstone 
to 
calcareous 
sandstone 


Shale and 
calcareous 
siltstone 
and mud- 
stone 

Silty 
dolomite 

to dolomitic 
siltstone. 


Interbedded 
sandstone with 
thin shale 
Interbedded 
sandstone with 
thin shale 
Thinly bedded 
shale 
Sandstone 


Intercalation 
of sandstone 
and shale 
Sandstone 


Interbedded 
sandstone 
with shale 
Sandstone 


Intercalation 
of sandstone 
and thin shale 
Intercalation 
of thin shale 
and sandstone 
Interbedded 
thin shale 
with sandsotne 
Interbedded 
siltstone 

with shale 


Siltstone 


Siltstone 
interbedded 
with shale 
Interbedded 
siltstone with 
shale. 


Sandstone 98% 
Shale 2% 


Shale 1% 
Sandstone 99% 


Shale 10% 


Sandstone 
100% 


Sandstone 10% 
Shale 98% 


Sandstone 
100% 
Sandstone 60% 
Shale 40% 


Sandstone 
100% 
Sandstone 99% 
Shale 1% 


Sandstone 80% 
Shale 20% 


Sandstone 98% 
Shale 2% 


Sandstone 30% 
Shale 70% 


Siltstone 
100% 


Siltstone 
70%, shale 
30% 
Siltstone 
50%, shale 
50% 


115 


64 


45 


50 


90 


12 


38 


59 


60 


61 


62 


63 


64 


65 


66 


67 


68 


69 


70 


71 


72 


73 


17 29/88 


] 30/88. 


1 31/88 


10 


24 


4 32/88 


3 33/88 


Shale 


Fine sand- 
stone to 
calcareous 
siltstone. 
Shale 


Calcareous 
siltstone 

to sand- 
stone 


Shale and 
sandstone 


Interbedded 
siltstone with 
shale 

Thin sandstone 
intercalated 
shale. 
Sandstone 


Thinly bedded 
shale. 
Sandstone 


Thinly bedded 
shale. 
Sandstone 
medium bedded 
Interbedded 
sandstone 


Sandstone 


Thinly bedded 
shale inter- 
calated sand- 
stone. 
Nodular sand- 
stone inter- 
bedded with 
shale. 
Medium 
bedded 
sandstone. 
Thinly bedded 
shale. 

Thin shale 
Intercalated 
sandstone. 
Sandstone 


Thin sandstone 
intercalated 
shale. 


Siltstone 
40%, shale 
60% 
Sandstone 
20%, Shale 
80% 
Sandstone 
100% 
Shale 100% 


Sandstone 
100% 


Shale 100% 


Sandstone 
100% 
Sandstone 
80%, shale 
20% 
Sandstone 
100% 
Shale 20% 
Sandstone 
80% 


Sandstone 
80%, Shale 
20% 


Sandstone 
100% 


Shale 100% 


Sandstone 
95%, Shale 
5% 
Sandstone 
100% 
Sandstone 
15%, Shale 
85% 


174 


170 


UNIT - 
43 


48 


70 


19 


60 


93 


36 


30 


120 


90 


159 


134 


140 


78 


74 


75 


77 


78 


79 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


30 


34/88 


35/88 


36/88 


37/88 


38/88 


Shale and 
sandstone 


Shale 


Sandstone 


Fine sand- 
Stone to 
Siltstone 


Shale and 
Fine 
Sandstone 


Thickly bedded 
sandstone. 
Thinly bedded 
sandstone 
interbedded 
with shale. 


Sandstone 


Thinly bedded 
Sandstone 
Intercalled 
Shale. 
Sandstone 


Interbedded 
shale and 
sandstone. 
Sandstone 


Thickly bedded 
sandstone with 
very minor 
shale. 

Thickly bedded 
sandstone 
interbedded 
with minor 
shale. 
Sandstone with 
minor shale 


Sandstone with 
minor shale 


Sandstone with 
bedded with 
minor shale 
Sandstone with 
minor shale 


Sandstone with 
minor shale 


Sandstone inter 
bedded with 
minor shale 
Sandstone 


Sandstone 
100% 
Sandstone 
30%, shale 
70% 


Sandstone 
100% 
Sandstone 
5%, shale 
95% 


Sandstone 
100% 
Sandstone 
50%, shale 
50% 
Sandstone 
100% 
Sandstone 
100%, 
minor shale. 


Sandstone 
100%, 
minor shale. 


Sandstone 
100%, 
minor shale. 
Sandstone 
100%, 
minor shale. 
Sandstone 
100%, 
minor shale. 
Sandstone 
100%, 
minor shale. 
Sandstone 
100%, 
minor shale. 
Sandstone 
100%, 
minor shale. 
Sandstone 
100%, 
minor shale. 


158 


20 


101 


123 


106 


124 


116 


89 


222 


159 


135, 


87 


75 


25 


70 


20 


170 


110 


12 


62 


90 


91 


92 


93 


94 


95 


96 


97 


98 


99 


100 


101 


102 


103 


104 


105 


106 


107 


108 


109 


39/88 


40/88 


Sandstone 
at the base 


Shale and 
fine and 
stone to 
siltstone 


Sandstone 


Sandstone 


Shale 


Shale 


Sandstone 


Shale 


Sandstone 
(massive 
bedded with 
minor shale) 
sandstone 


Sandstone 
(massive 
beddedO 
Massive bedded 
sandstone 
Sandstone with 
minor shale 
Sandstone 


Sandstone with 
minor shale 


Sandstone with 
minor shale 


Sandstone with 
minor shale 


Sandstone 


Sandstone with 
minor shale 


Sandstone with 
minor shale 
Massive bedded 
sandstone 
Thinly bedded 
green shale 
Massive bedded 
sandstone 
Thinly bedded 
shale 

Sandstone 


Sandstone with 
minor shale 
Interbedded 
Sandstone with 
Shale 
Lenticular 
bedded sand- 
stone 


Sandstone 
100%, minor 
Shale 


Sandstone 
100% 
Sandstone 
100% 


Sandstone 
100% 
Sandstone 99% 
Shale 1% 
Sandstone 
100% 
Sandstone 
100%, minor 
Shale 


Sandstone 
minor 100%, 
Shale 


Sandstone 
100%, minor 
Shale 
Sandstone 
100% 
Sandstone 
100%, minor 
Shale 
Sandstone 
100% 
Sandstone 
100% 
Shale100% 


Sandstone 
100% 
Shale100% 


Sandstone 
100% 
Sandstone 
100% 

Shale 75% 
Sandstone 25% 


Sandstone 
100% 


145 


160 


152 


96 


276 


50 


200 


140 


872 


110 


111 


112 


113 


114 


115 


115 


116 


117 


118 


47/88 


Sandstone 


Sandstone 


Sandstone 


Sandstone 


Sandstone 


Sandstone 
Sandstone 
Sandstone 
Sandstone 
Sandstone 
Sandstone 
Sandstone 
Sandstone 
Sandstone 


Conglomeratic 
sandstone 


Siltstone 


Cross bedded 
sandstone 
cemented by 
minor shale 
Sandstone 


Sandstone with 
thin shale 


Sandstone inter 
bedded with 
minor shale 
Sandstone 
Sandstone 
Sandstone 
cemented with 
minor shale 


Sandstone 


Sandstone with 
minor shale 


Sandstone 
having whitish 
grey bands 
Sandstone 
Sandstone with 
minor shale 
Sandstone 
Sandstone 
Sandstone 
Sandstone 
Sandstone 
Sandstone 
Sandstone 
Sandstone 


Sandstone 


Conglomeratic 
sandstone 


Siltstone of 
kussak 
formation 


Sandstone 
100%, minor 
shale 


Sandstone 
100% 
Sandstone 
100%, minor 
shale 
Sandstone 
100%, minor 
shale 


Sandstone 
100% 
Sandstone 
100% 
Sandstone 
100%, minor 
shale 
Sandstone 
100% 
Sandstone 
100%, minor 
shale 
Sandstone 
100% 


Sandstone 
100% 
Sandstone 
100%, minor 
shale 


Sandstone 
100% 
Sandstone 
100% 
Sandstone 
100% 
Sandstone 
100% 
Sandstone 
100% 
Sandstone 
100% 
Sandstone 
100% 
Sandstone 
100% 
Sandstone 
100% 
Conglomeratic 
Sandstone 
100% 
Sandstone 
100% 


TABLE. 4.i.3:- THE SAND-SHALE RATIO OF KHEWRA SANDSTONE EXPOSED AT NILAWAHAN GORGE. 


MAJOR THICKNESS PERCENTAGE PERCENTAGE ACTUAL ACTUAL SAND 
BED OF MAJOR OF SHALE OF SAND THICKNESS THICKNESS SHALE 
No. BEDS OF SAND OF SHALE RATIOS 
(cm) (cm) (cm) 
UNIT - A. 
1 180 50% 50% 90.00 90.00 1.00 
2 130 30% 70% 91.00 39.00 2.33 
3 143 40% 60% 85.00 57.20 1.50 
4 170 40% 60% 102.00 68.00 1.50 
5 212 50% 50% 106.00 106.00 1.00 
6 160 50% 50% 80.00 80.00 1.00 
7 170 50% 50% 85.00 85.00 1.00 
8 114 20% 80% 91.20 22.00 4.00 
9 140 20% 80% 112.0 28.00 4.00 
10 170 80% 20% 34.0 136.00 0.25 
11 140 50% 50% 70.00 70.00 1.00 
12 70 10% 90% 63.00 7.00 9.00 
13 200 95% 5% 10.00 190.00 0.05 
14 370 60% 40% 148.00 222.00 0.66 
15 316 30% 10% 221.20 94.80 2.33 
16 200 55% 45% 90.00 110.00 0.81 
17 85 2% 98% 83.30 1.70 49.00 
18 18 100% - - 18.00 0.00 
19 241 5% 95% 228.95 12.05 19.00 
20 18 90% 10% 1.80 16.20 0.11 
21 12 - 100% 12.00 - 0.00 
22 10 100% - - 10.00 0.00 
23 20 2% 98% 19.60 0.40 49.00 
24 17 20% 80% 13.60 3.40 4.00 
25 21 100% - - 21.00 0.00 
26 15 5% 95% 0.30 14.70 0.02 
27 19 955 5% 18.05 0.95 19.00 
28 29 95% 5% 1.45 27,55 0.05 
29 21 2% 98% 20.58 0.42 49.00 
30 16 80% 20% 3.20 12.80 0.25 
31 32 - 100% 32.00 - 0.00 
32 51 50% 50% 25.50 25.50 1.00 
33 49 1% 99% 46.96 2.04 99.00 
34 15 - 100% 15.00 - 0.00 
35 9.50 - 100% 9.50 - 0.00 
36 27 80% 20% 5.40 21.60 0.25 
a0 25 - 100% 25.00 - 0.00 
38 16 2% 98% 15.68 0.32 49.00 
39 18 - 100% 18.00 - 0.00 
40 14 70% 30% 4.20 9.80 0.42 
41 13 - 100% 13.00 - 0.00 
42 40 60% 40% 16.00 24.00 0.66 
43 37 2% 98% 36.26 0.74 49.00 
44 51 1% 99% 50.49 0.51 99.00 
45 7 100% - - 7.00 0.00 
46 15 - 100% 15.00 - 0.00 
47 37 90% 10% 3.70 33.30 0.11 
48 21 - 100% 21.00 - 0.00 
49 16 40% 60% 9.60 6.40 1.50 


0.00 
99.00 
4.00 
49.00 
0.42 
0.00 
233 
1.00 
0.66 
0.25 
0.00 
0.00 
0.00 
0.00 
0.00 
4.00 
0.00 
4.00 
4.00 
0.00 
0.00 
19.00 
0.00 
0.17 
0.00 
0.42 


0.00 
0.05 
0.00 
1.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
99.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 


106 170 - 100% 170.00 - 0.00 
107 110 - 100% 110.00 - 0.00 
108 12 75% 25% 3.00 9.00 0.00 
109 62 - 100% 62.00 - 0.00 
110 145 - 100% 145.00 - 0.00 
111 160 - 100% 160.00 - 0.00 
112 152 - 100% 152.00 - 0.00 
113 96 - 100% 96.00 - 0.00 
114 276 - 100% 276.00 - 0.00 
115 50 - 100% 50.00 - 0.00 
116 200 - 100% 200.00 - 0.00 
117 140 - 100% 140.00 - 0.00 
118 872 - 100% 872.00 - 0.00 
119 765 - 100% 765.00 - 0.00 
120 258 - 100% 258.00 - 0.00 
UNIT -C 
121 852 - 100% 852.00 - 0.00 
122 600 - 100% 600 - 0.00 
123 730 - 100% 730 - 0.00 
124 1040 - 100% 1040 - 0.00 
125 523 - 100% 523 - 0.00 
126 600 - 100% 600 - 0.00 
127 200 - 100% 200 - 0.00 
SUMMARY OF TABLE 4.i.3. 

UNITS THICKNESS ACTUAL THICKNESS PERCENTAGES OF SAND/ 

OF UNITS SAND Here SAND SHALE SHALE 

(cm) 

(cm) (cm) RATIOS 
A 5421.5 3318.81 2102.69 61.22% 38.78 1.57 
B 6218.00 5988.44 229.56 96.41% 3.59 26.85 
Cc 4545.00 4545.00 = 100% - 0.00 
Fm 16184.5 13852.25 2335.25 85.63% 14.37 596 


Table: 4.1.4. DESCRIPTION OF SAMPLES FROM KHEWRA SANDSTONE 
EXPOSED AT NILAWAHAN 


NWN-KWS-1/8B. 
GYPSEOUS MARL: Light grey to grey, weathers same, medium hard, calcareous, 
marly, gypsiferous, 100 % gypseous marl, impervious. 


NWN-KHS-2/88. 

SILTSTONE: Purple red, weathers same, medium hard, thinly’ bedded, lenticular 
bedded, cross bedded, calcareous, marly, fine grained, argillaceous, 90% siltstone, 10% 
silty shale, impervious. 


SILTY SHALE: Reddish brown to purple brown, weathers same, medium hard, 
fractured, fractures filled with calcareous material, calcareous, 90% clay/shale, 10% 
siltstone, impervious. 


NWN-KHS-3/88. 

SILTSTONE: Light red to brownish red, weathers brown, medium hard, micaceous, 
thinly bedded, argillaceous, calcareous, mottled, mottled spots generally of grey colour 
and generally calcarceous, 90% siltstone, 8% argillaceous material, 2% mottled 
carbonate material, impervious. 


NWN-KHS-4/88. 

SILTSTONE TO FINE SANDSTONE: Brownish red to red, weathers same, medium 
hard to hard, lenticular bedded, cross bedded, calcareous, marly, 90% siltstone, 10% 
argillaceous marly material, poorly porous. 


NWN-KHS-5/88. 
SILTSTONE: Same as sample No. NWN-KHS-4/88. 


SILTY SHALE: Brownish red to purple red, weathers same, medium hard to soft, silty, 
calcareous, 80% argillaceous material, 20% argillaceous marly matter, impervious. 


NWN-KHS-6/88, 

SILTSTONE TO FINE SANDSTONE: Light grey to brown, weathers brown, lenticular 
bedded, thinly bedded, fractured, medium hard, calcareous, cross bedded, 95% siltstone 
to fine sandstone, 5% argillaceous marly material, impervious. 


NWN-KHS-7/88. 
SILTSTONE: Same as in sample No. NWN-KHS-6/88, but occasionally more shale 
and more micaceous at bedding surfaces. 


NWN-KHS-8/88. 

SILTSTONE: Light red to brownish red, weathers brownish grey, medium hard to hard, 
micaceous, calcareous, marly, lenticular bedded, thinly bedded, cross bedded, more 
micaceous at bedding surfaces, fine grained, 100% calcareous sandstone, poorly porous. 


NWN-KHS-9/88. 

SILTSTONE TO FINE SANDSTONE: Light red to purple red, weathers greyish brown 
to brownish grey, highly cross bedded, lenticular bedded, thinly bedded, micaceous, more 
mica at bedding surfaces, marly, 90% siltstone to fine sandstone, 10% argillaceous 
material, impervious. 


NWN-KHS-10/88. 
SILTY SHALE: Purple red to brown, weathers same, medium hard to soft, silty, 
calcareous, 80% argillaceous material, 20% silty material, micaceous, impervious. 


NWN-KHS-11/88. 

SILTSTONE TO FINE SANDSTONE: Purple brown to reddish brown, weathers greyish 
brown, medium hard, calcareous, lenticular bedded, thinly bedded, cross bedded, 
micaceous, more mica at bedding surfaces, 90% siltstone, 10% calcareous and 
argillaceous material, impervious. 


NWW-KHS-12/88. 

DOLOMITIC SILTSTONE TO SILTY DOLOMITE: Light grey to greyish brown, 
weathers brown, medium-hard, lenticular bedded, cross bedded, 40% carbonate 
(Calcitic/dolomitic) material, 20% argillaceous material, 40% siltstone, impervious, 
samples displays salt pseudomorph type of structures, brecciated, displays impressions of 
Nome fossils. 


SHALE: Reddish brown to purple brown, weathers same, medium hard, calcareous, 80% 
argillaceous material, 20% silty material, impervious. 


NWN-KHS-13/88. 

SILTSTONE TO FINE SANDSTONE: Light red to brownish red, occasional grey, 
weathers greyish brown, medium hard to hard, micaceous, calcareous, displays grey and 
light brown alternating bands, thinly bedded, lenticular bedded, cross bedded, more 
micaceous at bedding-surfaces, 90% siltstone to fine sandstone, 10% argillaceous 
calcareous material, impervious. 


SHALE: Light red to purple red, weathers same, medium hard, mottled grey, calcareous, 
silty, 80% argillaceous shaly material, 20% silty material, impervious. 


NWN-KHS-14/88. 

SILTSTONE TO FINE SANDSTONE: Light red to light brown, weathers purple 
brown, medium hard to hard, lenticular bedded: cross bedded, thinly bedded, micaceous, 
calcareous, 90% siltstone to fine sandstone, 10% argillaceous material, impervious, 


displays more mica at bedding surfaces, probably salt pseudomorph structures and 
impressions of fossil, fractured, partly brecciated. 


SHALE: Purple brown to brown, weathers same, medium hard, calcareous, silty, 80% 
argillaceous material, 20% silty material, impervious. 


NWN-KHS-15/88. 

SILTSTONE TO FINE SANDSTONE: Light grey to light brown, weathers purple 
brown, medium hard to hard, lenticular bedded, thinly bedded, cross bedded, 
micaceous, more micaceous at bedding-surfaces, 90% siltstone to sandstone, 10% 
calcareous argillaceous material more fine impervious. 


SHALE: Greenish grey to brownish grey, weathers same, medium hard to soft, marly, 
highly calcareous, 80% argillaceous matter, 10% malry material, 10% silty material, 
poorly porous. 


NWN-KHS-16/88. 

FINE SANDSTONE TO SILTSTONE: Light grey to greyish brown, weathers same, 
medium hard, lenticular bedded, thinly bedded, cross bedded, laminated, calcareous, 
100% siltstone to fine sandstone, more micaceous at bedding surfaces, impervious. 


NWN-KHS-17/88. 
SHALE: Brownish red to purple red, weathers same, medium hard to soft, calcareous, 
occasionally grey, 80% argillaceous material, 20% silty material, impervious. 


NWN-KHB-18/88. 

SILTSTONE TO FINE SANDSTONE: Light red to brownish red, occasionally grey, 
weathers greyish brown, fine grained, medium hard, calcareous, micaceous, lenticular 
bedded, 80% silt stone to fine sandstone, 20% argillaceous-calcareous material, 
impervious. 


SHALE: Light brown to reddish brown, weathers same, medium hard to soft, 
calcareous, 90% argillaceous material, 10% silt, impervious. 
NWW-KHS-19/88. 


SHALE: Purple brown, weathers same, medium hard to soft, occasional silty, 
micaceous, calcareous, 80% argillaceous impervious, shale grades into 
material, 20% siltstone, siltstone. 


NWN-KHS-20/88. 

CALCAREOUS SANDSTONE TO SILTSTONE: Light brown to greyish brown, 
weathers same, medium hard, calcareous, marly, lenticular bedded cross bedded, 
indications of some algal material, 60% siltstone, 30% carbonate material, 10% 
argillaceous material, impervious. 


NWN KHS-21/88. 

SILTSTONE TO FINE SANDSTONE: Light grey to brownish grey, weathers brown, 
calcareous, medium hard to hard, dolomitic lenticular bedded, thinly bedded, indication of 
alga material, micaceous, impressions of some leaves, 40% siltstone, 40% carbonate 
material, 20% argillaceous material, impervious. 


NWN KHS-22/88. 
SHALE: Dark brown to purple brown, weathers same, medium hard, calcareous, 80% 
argillaceous material, 20% silty material, impervious. 


NWN KHS-23/88. 

SILTSTONE TO CALCAREOUS SILTSTONE: Light grey to brownish grey, weathers 
brown, medium hard to hard, micaceous more mica at bedding surfaces, 50% silty-sandy 
material, 30% carbonate material, 20% argillaceous material, impervious. 


NWN KHS-24/88. 

CALCAREOUS SILTSTONE TO SANDSTONE: Light grey to brownish grey, weathers 
brown to light brown, medium hard to hard, fractured, lenticular bedded, thinly bedded, 
occasional alga! material, present, micaceous, 50% silty sandy material, 30% carbonate 
(calcite/ dolomite), 26~% argillaceous material, dense, compact, poorly porous. 


NWN-KHS-25/88. 
SILTSTONE TO CALCAREOUS SANDSTONE: Same as sample No. NWN-KHS-24/88. 


NWN-KHS-26/88. 
SILTSTONE TO CALCAREOUS SILTSTONE: Same as sample No. NWN-KHS-24/88. 


NWN-KHS-27/88. 
SHALE: Reddish brown to greyish brown, weathers same, medium hard, calcareous, 80% 
argillaceous material, 20% silty material, impervious. 


CALCAREOUS LT STONE TO MUDSTONE: Light grey to greenish grey, weathers 
brown, medium hard, micaceous, highly calcareous, fractured, brecciated, impressions of 
some rounded structures,80% carbonate material, 20% argillaceous material, impervious. 


NWN-KHS-28/88. 

SILTY DOLOMITE TO DOLOMITIC SILTSTONE: Greenish grey to brownish grey, 
weathers light brown to brown, medium hard to hard, compact, micaceous, lenticular 
bedded, ripple marks at bedding surfaces, more micaceous at bedding surfaces, displays 
impressions and structures of some concretionary materials, concretionary at bedding 
surfaces, brecciated at bedding surfaces, 50% carbonate (calcite/dolomite) material, 50% 
sandy silty material, impervious. 


NWN-KNS-29/88. 

SHALE: Purple brown to brown, weathers same, medium hard to soft, calcareous, 80% 
argillaceous material, 20% silty calcareous material, sample also displays thin bands of greenish 
grey siltstone to silty dolomite, impervious, micaceous, more mica at bedding surfaces. 


NWN-KNS-30/88. 

FINE SANDSTONE TO CALCAREOUS SILTGTONE: Light grey to greenish grey to 
brownish grey, weathers brown, medium hard to hard micaceous, lenticular bedded, 40% 
sandy silty material, 30% carbonate material, 30% argillaceous material, impervious. 


NWN-KHS-31/88. 

SHALE: Purple to dark brown, occasional greenish grey, weathers same, medium hard 
to soft, silty, micaceous, thinly bedded, calcareous, 90% argillaceous material, 10% 
silty material, impervious. 


NWN-KHB-32/88. 

CALCAREOUS SILTSTONE TO SANDSTONE: Light grey to brownish grey, 
weathers same and light brown, medium hard to hard, concretionary, nodular habit, 
displays lenticular bedding and cross bedding, 60% silty sandy material, 30% carbonate 
material, 10% argillaceous material, impervious:. 


NWN-KNS-33/88. 
SHALE: Dark brown to brown, occasional greenish grey, weathers same, medium hard 
to soft, fine grained, 100% argillaceous materials, impervious. 


SANDSTONE: Light grey to greenish grey, weathers brownish grey, medium hard, 
calcareous, lenticular bedded, 80% silty sandy material, 20% argillaceous calcareous 
material, poorly porous. 


NWN-KMS-34/88. 
SHALE: Purple brown to dark brown, weathers same, concretionary, occasional grey, 
grey part calcareous, 70% argillaceous material, 30% silty material, impervious. 


SANDSTONE: Light grey to greenish grey, weathers brownish grey, lenticular bedded, 
thinly bedded, calcareous, medium hard to hard, argillaceous, 90% silty sandy material, 
10% argillaceous calcareous material, impervious. 


NWN-KNS-35/88. 

SHALE: Purple red to brownish red, occasional grey, weathers same, medium hard t 
soft, occasional silty, greyish part more calcareous, 90% argillaceous material, 10% 
silty calcareous material, impervious. 


NWN-KHS-36/88 

SANDSTONE: Yellowish brown to brownish yellow, Weathers brown to whitish 
brown, hard to medium hard, fine grained, displays lenticular bedding, 100% 
sandstone, impervious. 


NWN-KHS-37/88 

FINE SANDSTONE TO SILTSTONE: Light brown to gray, weathers brownish gray and 
brown, medium hard to hard, fine grained, calcareous, 80% fine sandstone to siltstone, 
20% argillaceous calcareous material, but the calcareous material in some parts increases 
upto 40% occasionally, concretionary, poorly porous. 


NWN-KHS-38/88 

FINE SANDSTONE TO SILTST[NE: Light brown to brown, weathers whitish brown, 
medium hard to hard, fine grained, displays concretions and brecciation at bedding 
surfaces, 100% sandstone, impervious. 


SHALE: Light brown to dark brown, occasional grey, weathers same, medium hard to 
soft, calcareous, 100% argillaceous material, occasional silty, impervious. 


NWN-KHS-39/88 

SANDSTONE: Light brown to grayish gray to whitish gray, medium hard, subangular to 
subrounded, micaceous, moderately porous. brown, weathers light fine grained, grains 
100% sandstone, poor to 


NWN-KHS-40/88 
SHALE: Dark brown to purple brown, weathers same, medium hard, occasional silty, 
slightly calcareous, 100% argillaceous material, impervious. 


FINE SANDSTONE TO SILTSTONE: Light brown to brown, weathers grayish brown, 
medium hard to hard, fine grained, fractured, generally micaceous, more micaceous at 
bedding surfaces, cross bedded, lenticular bedded, 100% sandstone, impervious. 


NWN-KHS-41/88 

SANDSTONE: Light brown to greyish white, brown to grey, medium hard, calcareous, 
fine grained, grains generally subangular to subrounded, occasionally angular micaceous, 
90% silty sandy material, impervious. weathers light grained, grains angular, material, 
10% calcareous material, impervious 


NWN-KHS-42/88. 

SANDSTONE: Light brown to greyish brown, weathers brown, medium hard to hard, 
micaceous, occasional black and brown minerals observed, calcareous, lenticular bedded, 
100% sandstone, poorly porous. 


NWN-KHS-43/88. 
SHALE: Brown to dark brown and light grey, weathers same, medium hard, silty, calcareous, 
lenticular bedded, 70% argillaceous material, 30% silty calcareous material, impervious. 


NWN-KHS-44/88. 

SHALE: Dark brown to brown, occasional grey, weathers same, medium hard to soft, 
occasionally displays silty lenticular bands, 90% argillaceous and 10% silty calcareous 
material, impervious. 


NWN-KHS-45/88. 

SANDSTONE: Light brown to whitish brown to dirty white, weathers grey, medium hard to 
hard, calcareous, lenticular bedded, cross bedded, thinly bedded, 100% sandstone, 
impervious. 


NWN-KHS-46/88. 

SHALE: Brown to dark brown, occasional grey, weathers same, medium hard, occasional 
calcareous, displays concretions of silty calcareous nature, 60% argillaceous material, 40% 
silty calcareous material, impervious. 


NWN-KHS-47/88. 
SANDSTONE: Brown to dark brown, weathers brown, to hard, thinly bedded, lenticular 
bedded, 100% impervious medium hard sandstone, 


NWN-KHS-48/88. 
SANDSTONE: Light grey to whitish grey and brown, light grey and brown, medium hard to 
hard, thinly calcareous, 100% sandstone, poorly porous weathers bedded, 


NWN-KHS-49/88. 
SANDSTONE2 Yellowish brown to light brown, brownish grey, medium hard, fine grained, 
grains to subrounded, cross bedded, 100% sandstone; moderately porous. weathers 
subangular poor to 


NWN-KHS-50/88. 
SANDSTONE: Whitish grey to brown weathers brownish grey, medium hard, calcareous, 
fine grained, grains subangular to subrounded, 100% sandstone, poor to moderately porous. 


NWN-KHS-51/88. 

SANDSTONE: Light brown to purple brown, weathers light brown, medium hard, fine 
grained, occasional friable, grains subangular to subrounded, 100% sandstone, moderately’ 
porous. 


NWM-KHS-52/88. 

SANDSTONE: Light brown to brown, weathers grey, medium hard, fine grained, calcareous, 
cross bedded, grains generally’ subangular to subrounded, concretionary, fragments of clay 
concretions observed, 100% sandstone, moderately porous. 


NWN-KHS-53/88. 
SANDSTONE: Light brown to brown, weathers light grey to brownish grey, medium hard, 
fine grained, grains subangular to subrounded, 100% sandstone, moderately porous. 


NWN-KHS-54/88. 
SANDSTONE: Brown to dark brown, weathers light brown to grey, medium hard to friable, fine 
grained, grains generally, subangular to subrounded, 100% sandstone, moderately porous. 


NWN-KHS-55/88. 

SANDSTONE: Red to purple brown, weathers light greyish brown, medium hard, medium to 
coarse grained, grains mainly sub-angular to subrounded, 100 % sandstone, moderately 
porous. 


NWN-KHS-56/88. 

SANDSTONE: Light brown to brown, weathers light grey, medium hard to friable, 
concretinary, concretions display clayey material, medium to coarse grained, 100 sandstone, 
highly porous. 


NWN-KNS-57/88. 
SANDSTONE: Light brown to greyish brown, weathers grey, medium hard to friable, fine to 
medium grained, occasional coarse grained, 100% sandstone, highly porous. 


NWN-KHS-58/88. 
SANDSTONE: Light brown to brown, occasional grey, weathers light grey, medium hard to 
friable, medium to coarse grained, 100% sandstone, highly porous. 


NWN-KHS-59/88. 

SANDSTONE: Whitish grey to yellowish white, weathers grey, medium hard to friable, coarse 
grained, grains mainly subangular to subrounded and rounded, displays yellowish minerals, 
weathered product of some iron mineral, probably limonite, 100% sandstone, highly porous. 


NWN-KHS-60/88. 

SANDSTONE: Yellowish white to dirty white, weathers greyish brown to brownish grey, 
medium hard to friable, coarse grained, grains generally subangular to subrounded, 
occasional rounded, limonitic, ferrugenous, 100% sandstone, highly porous 


NWW-KWS-61/8B. 

CONGLOMERATE: Light brown to Yellowish whitish brown, weathers grey, medium hard 
to friable, coarse grained, highly cross bedded, pebbles and gravels of quartz observed, 
concretionary, limonitic, ferrugenous, lenticular bedded, lenticular beds display coarse 
sandstone and conglomeratic material, 100% sandy conglomerate, highly porous. 


NWN-KHS-62/88. 

SILTSTONE AND SHALE: Dark grey to whitish grey, weathers greyish brown, medium 
hard, calcareous to dolomitic, highly bioturbated, fossiliferous, fossils of annelids type of 
animal observed, fossils of probable neobolus abundant, can be called grave yard of neobolus 
fossils, poorly porous. 


4.11 THE PETROGRAPHIC STUDIES OF THE KHEWRA SANDSTONE 
EXPOSED AT THE NILAWAHAN. 


4.11.1 INTRODUCTION: 


The Petrographic studies of the Khewra Sandstone were carried out to understand the 
detailed mineral composition of the Khewra Sandstone exposed at Nilawahan and to know 
the relations of the cement, pore and grains for a clear understanding of the diagenetic, 
burial history and sedimentation history of the Khewra Sandstone. The nature of grains and 
cement are the guidelines to understand the processes responsible for closing the pores and, 
therefore, to understand the reservoir character of the formation. About 28 samples were 
studied for the petrographic studies of the Khewra Sandstone from Nilawahan. The thin 
sections were studied under a polarized microscope and the minerals were identified to 
know their mode of origin. Fig.4.11.1A gives the lithological log of the Khewra Sandstone 
exposed at Nilawahan with stratigraphic positions of the samples studied. 


4.11.2 METHODS OF INVESTIGATION: 
Please refer to section 1.i for petrographic studies. 


4.11.3. RESULTS: 
DETAILED DESCRIPTION OF THE SAMPLES: 


About twenty eight representative samples were selected to investigate the 
mineralogy of the Khewra sandstone. The percentages of minerals were determined, 
neglecting porosity, to compare the results with other workers. Table. 4.11.1 provides the 
percentages of minerals of the Khewra Sandstone. The important observations about each 
sample are given as follows: 


1. NWN-KHS-3/88: 

This sample displays the subrounded to subangular quartz (15%>. The cementing 
material (85%) in the form of iron oxides, clay minerals like chlorite and carbonates is 
present in the sample. A few glauconitic grains can also be seer. The sample shows low 
porosity, due to the diagenetic oxides of dolomite. cement. The iron oxides are amorphous 
hydrated iron. The carbonates are mostly calcite with some The clays are chlorite, muscovite 
and biotite. 


2. NWN-KHS-3/88: 

This sample shows subrounded to angular quartz grains (40%). The iron oxides, clay 
minerals like chlorite, mica flakes (random as well as parallel to bedding planes of the 
rocks) and small amount of carbonates are present in the form of cementing materials 
(60%). The iron oxides appear as a coating on the quartz grains. The sample shows low 
porosity. The iron oxides are amorphous hydrated oxides of iron. The carbonate is mainly 
calcite with occasional dolomite. The clays are mostly chlorite, muscovite, biotite. Some 
clays could not be identified. 
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3. NWN-KHS-5/88: 

This sample displays rounded to angular quartz grains (39%) and a few grains of 
feldspars (labradorite) (1%). A few glauconitic grains can also be seen. The iron oxides, clay 
minerals like chlorite, randomly oriented few flakes of mica and carbonates are present in the 
form of cement (60%). The sample shows low porosity. The cement is mostly diagenetic and 
has blocked the porosity. The iron oxides are amorphous. The carbonate is mostly calcite. 


4. NWN-KHS-6/88: 

This sample shows rounded to angular quartz (34%) and a few grains of feldspar 
(1%). The iron oxides, clay minerals like chlorite, few flakes of mica and small amount of 
carbonates are present as cementing materials (65%). The abundant amount of iron oxides are 
present as coating on the grains. The sample shows low porosity as the diagenetic cement has 
sealed the pores. The clays are mainly chlorite, muscovite and biotite. Some fine grained 
clays could not be recognized. The carbonate is mainly calcite with some dolomite. Fractures 
and stylolites can also be observed. 


5. NWN-KHS-7/88: 

This sample displays rounded to angular quartz (65%) and a few grains of feldspar 
(2%). The iron oxides, clay minerals like chlorite, parallel as well as random mica flakes and 
carbonates are present in the form of cementing materials (33%). The sample indicates a 
medium porosity. The porosity is due to the arrangements of the grains fractures/ stylolites 
and can be called as a primary secondary porosity. Finely crystalline silica can also observed. 


6. NWM-KHS-8/88: 

This sample shows rounded to angular quartz grains (27%). The glauconitic grains 
can also be seen. The iron oxides, clay minerals like chlorite, randomly oriented mica flakes 
and carbonates are present as cementing materials (73%). The iron oxides appear as 
amporphous material as a coating on the quartz grains. The sample displays low porosity as 
the diagenetic cement has sealed the pores. The carbonate is mainly calcite. The clays are 
illite, chlorite and biotite. 


7G MWN-KHS-14/88: 

This sample displays rounded to angular quartz grains (48%) and few grains of 
feldspars (2%). The clay minerals, carbonates and iron oxides iron oxides are present as 
cementing materials (50%). Due to the presence of diagenetic cements, the sample shows low 
porosity. The porosity is due to arrangements of the sand grains and fractures/stylolites. The 
carbonate is mainly calcite with some dolomite. Finely crystalline silica can be occasionally 
observed. 


8. NWW-KHS-16/88: 

This sample shows rounded to angular and fractured quartz grains (30%) and grains 
of feldspar (2%). The grains of glauconite can also be seen in the sample. Carbonates, clay 
minerals and iron oxides are also present and form the cement (68%). The sample is highly 
porous and permeable. The permeability is due to the fractures and removal of the cementing 
material in late diagenetic stages. 


9. NWN-KHS-21/88: 

This sample displays subrounded to subangular quartz grains (35%). The grains of 
feldspar (labradorite) (3%) can also be seen in the sample. Carbonates, clay material and 
iron oxides are also present which form the cement (62%). The iron oxides are also 
present in the form of grains while carbonate is replacing the quartz grains. The sample 
displays medium porosity and may be called as primary and secondary porosity due to 
the arrangements of grains and fractures, respectively. The sample shows medium 
permeability. 


10. NWN-KHS-21/88: 

This sample shows subrounded to angular quartz grains (40%) and some grains of 
feldspar (labradorite) (2%). The iron oxides, clay minerals like chlorite, randomly 
oriented mica flakes and carbonates are present in the form of cement (58%). The iron 
oxides are also present as grains and carbonate minerals are replacing the quartz grains. 
The sample displays low porosity. The iron oxides are mainly amorphous hydrated 
oxides of iron. The carbonate is mainly’ calcite with some dolomite. The clays are mainly 
chlorite and illite. Finely crystalline silica may be occasionally observed. 


11. NW N-KHS-22/88: 

This sample displays fine grained, rounded to angular quartz grains (49%) and 
few grains of feldspars (1%). The iron oxides, clay minerals like chlorite, randomly 
oriented mica flakes and carbonate minerals are present as cementing materials (50%). 
The iron oxides are also present as grains. The sample shows low porosity as the 
diagenetic cement has sealed the pore spaces. The clays are mainly chlorite and illite. 
Some fine clays could not be recognized. The carbonate is mainly calcite with some 
dolomite. Finely crystalline silica may be occasionally observed. 


12. NW N-KHS-23/88 

This sample shows rounded to angular quartz grains (63%) and some feldspars 
grains (2%). The grains of glauconite can also be seen in the sample. The iron oxides, 
randomly oriented few flakes of mica, clay minerals and small amount of carbonates are 
present as cementing materials (35%). The sample displays the medium porosity. The 
porosity is due to arrangement (packing) of sand grains and fractures/stylolites and may 
be called as primary and secondary porosity, respectively. Clays are illite and chlorite. 


13. NW N-KHS-24/88 

This sample displays subrounded to angular grains of quartz (29%) and few grains 
of feldspars (1%). The iron oxides, clay minerals like chlorite and small amount of 
carbonates are present as cementing materials (70%). 
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The sedimentation. The chemically mature sediments are generally polycyclic in origin 
while chemically immature sands generally represent first cycle materials derived from 
igneous and high grade metamorphic rocks. 


The petrographic Classification of the sandstones, according to Selley (1976), 
provides the idea about the nature of sandstone and displays that these sandstones are 
actually quartz wackes or lithic wackes (Fig. 4.H.3). The sandstones are chemically 
mature as the indices fall between 92.11 to 100% (Figure. 4.11.4) and display intermediate 
to low trends for physical maturity and high net maturity. The intermediate to low trends 
for the physical maturity of the Khewra Sandstone are due to the presence of diagenetic 
cement found in the Khewra Sandstone after its deposition. The net maturities are the 
resultant maturities. It is, therefore, concluded that Khewra Sandstone was deposited as a 
chemically and physically mature sandstone. These sandstones are polycyclic (eroded 
sedimentary sandstones) and were transported into the depositional basin after traveling 
reasonable distances through oxidizing conditions and were deposited into deltaic 
environment. The red colour of the sandstone is due to coating of the iron oxide on the 
quartz grains which was partly due to oxidation on the continent and partly due to 
diagenetic solutions rich in the dissolved iron oxides. The sandstones occasionally 
display green colours as well as glauconitic materials. These indicate a wave dominated 
delta area (Selley, 1976). 


The presence of high amount of cementing material in the sandstone is due to the 
presence of diagenetic cement originated due to diagenetic solutions of iron oxides, 
carbonates, finely crystalline silica and some diagenetic clays such as sericite, chlorite 
and the mixed layer clay minerals. It is likely that originally the matrix in sandstones was 
not as high as it is present now and is falsely represented as a graywacke in most of the 
samples. It is, therefore, concluded that petrographically these sandstones were partly 
graywackes of delta front environment and partly deltaic. * 


A quick review of the Pre-Cambrian deposits in Salt Range indicates that Pre- 
Cambrian rocks contain mostly evaporites, carbonates, sandstones , marls, shales and 
basalts. The Cambrian rocks mostly contain deltaic sandstones, turbidite type of facies, 
shoreline facies, intertidal facies and lagoonal facies. A review on the type of sediments 
and basin indicates that the Khewra Sandstone from Nilawahan was deposited in a basin 
resembling from epicratonic to miogeosyncline. 


4.11.4 SUMMARY AND CONCLUSIONS: 


i. The grains of Khewra Sandstone include mainly quartz grains with some 
feldspars and rock fragments. The cementing materials are carbonates, iron 
oxides and clay minerals with some silica. The cement is mainly diagenetic in 
origin. 


il. The Khewra Sandstone appears to be a graywacke on the triangular plot provided 
by Pettijohn (1954). 


iil. 


IV. 


vi. 


The petrography of the Khewra Sandstone on the triangular plot of William et al, 
(1954) indicates that these sandstones vary from lithic wacke to sub-felspathic 
lithic wackes. 


The Khewra Sandstone may be classified as quartz wackes and as a chemically 
matured sandstone according to the classification provided by Selley (1976). 


The Khewra Sandstone was deposited as a polycyclic sedimentary material into 
the depositional basin. 


The depositional basin of the Khewra Sandstone may be classified as a basin 
from epicratonic to miogeosyncline. 


Table. 4.ij,1:. THE TABLE PROVIDES THE PERCENTAGES OF MINERALS OF THE KHEWRA SANDSTONE 
EXPOSED AT NILAWAHAN, IGNORING POROSITY. 


Thin Section 


NWN-KHS % of Quartz % of Matrix % of Feldspar 
3/88 15 85 - 
3/88 40 60 - 
5/88 39 60 1 
6/88 34 65 1 
7/88 65 33 2 
8/88 27 73 - 
14/88 48 50 2 
16/88 30 68 2 
21/88 35 62 3 
21/88 40 58 2 
22/88 49 50 1 
23/88 63 35 2 
24/88 29 70 1 
25/88 50 48 2 
26/88 40 59 1 
27/88 58 40 2 
28/88 43 55 2 
30/88 70 28 2 
32/88 55 44 1 

32A/88 53 45 2 
34/88 44 55 1 
37/88 46 52 2 
41/88 68 30 2 
43/88 60 37 3 
45/88 30 70 - 
47/88 46 53 1 
49/88 59 40 1 
51/88 36 63 1 


TABLE = 4.ii.2:- THE TABLE SHOWS THE APPROXIMATE POROSITIES 
OF THE SAMPLES OF THE KHEWRA SANDSTONE 
EXPOSED AT NILAWAHAN. 


Thin Section No. Porosity (%) 
NWN-KHS- 


3/88 
3/88 
5/88 
6/88 
7/88 
8/88 
14/88 
16/88 
21/88 
21/88 
22/88 
23/88 
24/88 
25/88 
26/88 
27/88 
28/88 
30/88 
32/88 
32A/88 
34/88 
37/88 
41/88 
43/88 
45/88 
47/88 
49/88 
51/88 
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TABLE = 4.ii.3:- THE TABLE SHOWS THE PHYSICAL, CHEMICAL AND 
NET MATURITIES OF THE KHEWRA SANDSTONE 


EXPOSED AT NILAWAHAN. 
Sample No. Physical Chemical Net 
NWN-KHS- Maturity Maturity Maturity 

(Mp) (Mc) (Mn) 

3/88 Ne: 100 a Be 

3/88 40 100 70 

5/88 39.39 97.5 68.45 
6/88 34.34 97.14 65.74 
7/88 66.33 97.01 8167 

8/88 27 100 63.5 
14/88 48.98 96 72.49 
16/88 30.61 93.15 62.18 
21/88 36.08 92.11 64.10 
21/88 40.82 95.24 68.03 
22/88 49.49 98 fea 
23/88 64.29 96.92 80.61 
24/88 29.29 96.67 62.98 
25/88 51.02 96.15 13.59 
26/88 40.40 97.56 68.98 
27/88 59.18 96.67 713 
28/88 43.88 95.56 69.72 
30/88 71.43 oF 22 84.33 
32/88 55.56 98.21 76.89 
32A/88 54.08 96.36 P22 
34/88 44.44 97.78 WAAL 
37/88 46.94 95.83 7129 
41/88 69.39 97.14 83.27 
43/88 61.86 95.24 78.55 

45/88 30 100 65 

47/88 46.46 97.87 TA 
49/88 39.59 98.33 78.96 
51/88 36.36 97.30 66.83 


4.11 THE SEDIMENTOLOGICAL STUDIES OF THE KHEWRA SANDTONE 
EXPOSED AT NILAWAHAN, EASTERN SALT RANGE, PAKISTAN. 


4.11.1 ABSTRACT: 


The Khewra Sandstone exposed at Nilawahan was studied in field for its detail 
lithology. About 62 samples were collected to carry out the grain size analyses of the 
Khewra Sandstone representing all lithological variations from its base to its top, 
respectively. The samples were collected to investigate the textural classification and 
Palaeo environments responsible for the deposition of the sandstone. The Khewra 
Sandstone exposed at Nilawahan is about 161.84m thick and can be further subdivided 
into three units named as unit A or the lower unit, unit B or the middle unit and unit C or 
the upper unit. The sandstone is purple to brown and grain size in field increases from the 
base towards the top of the sandstone gradually. The grain size analyses was conducted 
using normal sieving and hydrometer methods for the analyses of comparatively coarser 
and finer fractions, respectively. The results of the grain size analyses for sand, silt and 
clay fractions for all the samples were plotted in form of histograms, cumulative 
frequency curves and frequency curves to understand the dominance of textural classes 
and particular palaeo environments. The detailed sedimentological analyses revealed that 
the Khewra Sandstone exposed at Nilawahan Gorge consists of only one dominant class 
known as siltstone with minor sand towards the top of the formation. The palaeo 
environments of the sandstone were concluded as deltaic sequence displaying bottom set, 
forest and top set representing field units A, B and C, respectively. The Khewra 
Sandstone should be called as Khewra Siltstone on the basis of grain size analyses as the 
silty fraction contributes the major textural class. 


4.11.2 GEOLOGY OF KHEWRA SANDSTONE AT NILAWAHAN: 


The Khewra Sandstone exposed at the Nilawahan Gorge can be studied in the 
steep slopes along the gorge as a purple to reddish brown sand. The sandstone is 
about 161.84 m thick and may be divided into three units called as unit A or the 
lower unit, unit B or the middle unit and unit C or the upper unit on the basis of 
lithology and bedding character. The lower unit consists of thinly bedded silty shale 
to siltstones of purple to dark brown colour. The siltstones and shales are thinly 
bedded, calcarOous, marly, lenticular bedded, glauconitic and display lenticular beds 
of sandy silty carbonates. The silty sand portion increases towards the top of the unit. 
The unit is about 54.21m thick. The grain size of silty sand beds gradually increases 
towards the top of the unit. The middle unit or unit B is 62.18m thick and includes 
thin to medium bedded and thick bedded siltstones and silty sandstones. The 
thicknesses of the beds increases toward the top of the unit with increasing grain 
size. The colour also gets lighter from dark purple brown at the base to light brown 
towards the top of the unit. The sandstone of unit B are cross-bedded, lenticular, dark 
brown to light brown and micaceous at the bedding surfaces. The unit C or upper 
unit consists of light brown to whitish brown siltstones and sandstones which display a 
change in colour from light brown to whitish brown towards the top. The sandstones are 
thick to massive bedded and the grain size increases towards the top of the unit. This unit 
also displays cross-bedding lenticular thin beds of coal partings which vary from 5 mm to 
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Fig:4it¢4;Lithological log of Knewra Sandstone exposed at Nilawahan 
c - with actual percentages of Sand, Silt and Clay. 
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(a) Histograms (b) Cummulative frequency curves of Khewra Sandstone from Nilawahan. Unit A. 
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Fig-4-222.2A-3:(a) Histograms (b) Cummulative frequency curves of Khewra Sandstone from- 
Nilawahan, Unit A. 


The histograms of the samples of unit C (Table. 4.111.2) show that all of the histograms 
are unimodel and asymmetrical in nature. The very fine sand appears to be the dominance 
textural class in most of the samples with the exception of one sample (NWN-KHS- 
54/88). The nature of histograms indicates a depositional medium of combined river and 
beach type of environment. Selley (1976) provided the histograms for most of the 
environments and respective textural classes. The nature of the histograms of unit C 
(Present work) resemble to the histograms of beach and river environments as compared 
to Selley (1976>. The similarity of histograms with the exception of one sample indicate 
that the depositional medium remained the same for the deposition of unit C. The 
histograms of unit C also indicate comparatively more coarse material than unit A and B 
indicating comparatively higher energy waters than the units A and B. The cumulative 
frequency curves (Fig. 4.111.4 (b) are reasonably steep and appear very similar to the 
cumulative frequency curve of river sand given by Selley (1976). The steepness of the 
curves indicate the better sorting of sands. The combined observations about the 
histograms and cumulative frequency curves of unit C indicate that this unit was 
deposited due to detritus brought by rivers into a sea where conditions alternated by the 
wave dominated deltas and the channel dominated delta. 


Fig 4.111.5A (1-3) provides the frequency curves simply plotted for the weight 
percentages against the grain size (sand, silt and clay) for each individual sample of unit 
A in Phi-units. The curves given by 35 sample are asymmetrical, and show a more or less 
positive skewness. All the curves given by the samples of unit A are similar to each other 
and gives the same depositional medium as stated above for the cumulative frequency 
curves and histograms. The depositional medium could be a comparatively low energy 
medium of delta front environment. Fig 4.111.5 Q/1-2) show the frequency curves of the 
weight percentages plotted against the grain size for the samples of the unit B in Phi- 
units. The curves are asymmetrical, positively skewed and indicate that the depositional 
medium was same with the minor exceptions. It is likely that unit B was deposited in the 
similar conditions as indicated into the description of histograms and cumulative 
frequency curves of unit B (Fig. 4-ii1-3B (1-2) (a) & (b) . Fig 4.111.5 (C) shows the 
frequency curves of the weight percentages plotted against the grain size into he Phi-unit 
for the samples of unit C. The frequency curves of unit C are mostly asymmetrical and 
positively skewed. The frequency curves given by samples NWN-KHS-54/88, NWN- 
KHS-59/88, NWN-KHS-60/88, NWN-KHS-61/88 and NWN-KHS- 62/88 appear to be 
asymmetric, leptokurtic to platykurtic in nature and indicate a depositional medium of 
channel type influenced by the beach conditions. The frequency curves given by NWN- 
KHS-52/88, NWN-KHS-53/88, NWNKHS-55/8, NWN-KHS-56/88, NWN-KHS-57/88 
and NWN-KHS-58/88 are very similar to each other and show a depositional medium of 
beach type environment influenced by the channel detritus. 
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Fig.4 .%i2,%B-2: (a) istonrena <b) Cummulative” frequency curves of Khewra Sandstone from 
Nilawahan, Unit B 


Fig. 4.11.6 (a) and (b) gives the histograms and cumulative frequency curves of 
textural class of Khewra Standstone exposed at Nilawahan for unit A, respectively. The 
histograms of siltstones for 35 samples display that the silt is the dominant fraction and it 
is 92.47 percent with subordinate clay which is 7.44 percent (Table 4.111.4)/ The 
histogram is unimodel and the cumulative frequency curve is moderately steep indicating 
moderate sorting. Fig. 4.111.7 shows the average frequency weight percentages plotted 
against the grain size in Phi-unit for the size classes observed as silt and clay. The 
frequency curve display asymmetrical distribution. Fig 4.111.8 (a) and (b) provides the 
histograms and cumulative frequency curves for the textural classes of unit B. The 
histogram of sandy silt for 3 samples is unimodel and displays that very fine sand is the 
dominant fraction with subordinate silt and clay. Similarly, the histogram prepared for 14 
samples of siltstone is unimodel and show dominance of silt fraction with a minor sand 
and clay. The cumulative frequency curves of two textural classes of unit B are also 
similar in nature and their moderate steepness indicate moderate sorting Fig. 4.111.9, 
shows the average weight percentages plotted against grain size in Phi unit for the 
textural class of unit B. Fig. 4.111.9 gives frequency curves of textural classes named as 
sandy silt (3 samples) and siltstone (14 samples). The frequency curve of sandy silt is 
asymmetric and the frequency curve of siltstone textural class is positively skewed with a 
coarser fraction of the silt. The curve displays asymmetrical nature of the silt distribution 
with a rise in the coarser fraction of the silt. The curve displays asymmetrical nature of 
the silt distribution with a rise in the coarser fraction of the silt. Fig 4.111.10 (a) and (b) 
provide the histograms and cumulative frequency curves for unit C to represent the 
textural classes of unit C for sandstone (3 samples), silty sand (5 samples), sandy silt (2 
samples). The histograms of the sandstone indicate the dominance of sand (83.3%)with 
minor silt (15.04%) and clay (1.5%). The histogram for silty sand also shows the 
dominance of sand (63.85%) with minor silt 32.86%) and clay (3.22%). The histogram 
prepared for sandy silt shows the dominance of silt (71.32%) followed by sand (22.37%) 
and minor clay (5.88). The cumulative frequency curves for the three textural classes are 
moderately steep and display better sorting of the sand and silt fractions. Fig. 4.11.11 
shows the frequency curves of textural classes of Khewra Sandstone, unit C. The 
frequency curves for three samples of sandstone indicates more or less symmetrical curve 
with leptokurtic nature. The frequency curves for 5 samples of silty sand shows an 
asymmetrical and a negative correlation of grain size with the weight percentages. The 
frequency curve for 2 samples of sandy silt (Fig 4.11.11) shows an asymmetrical 
distribution and partly platykurtic nature of the curves. The frequency curves for silty 
sand and sandy silt indicate a negative correlation or an increase of weight or a positive 
correlation of actual grain size with increasing grain size. 


Table 4.i11.3 gives the summary statistics of the grain size parameters for 62 samples 
showing the graphic mean size (Mz), graphic standard deviation (6G), graphic skewness 
(SkG), graphic Kurtosis (KG), median diameter (M) and coarsest one percentile (C). 
Table. 4.111.4 shows the textural classes of the Khewra Sandstone in units A, B and C. 
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Fig: 4.7i7-h's 
(a) Histograms (b) Cummulative frequency curves of Khewra Sandstone 


‘from Nilawahan, Unit C, 


The unit A shows only one textural class called as siltstone (Table 4.111.4A) with other 
statistical parameters of unit A. The unit B contains textural classes named as sandy silt 
(3 samples) and siltstone 13 samples (Table 41ii.4b). The unit C displays three textural 
classes called as sandstone, silty sand and sandy silt, respectively with its statistical 
parameters (Table 4.111.4). Table 4.111.5 shows that all the samples of Khewra Sandstone 
display four textural classes called as sandstone, silty sand, sandy silt and siltstone. The 
sandstone was found in 3 samples, silty sand was found in 5 samples, sandy silt was 
observed in 5 samples and siltstone in 49 samples. 


The four statistical parameters give in Table 4.111.3 were calculated and plotted against 
each other to prepare six scatter plots (Fig. 4.11.14). The graphic mean size (Mz) plotted 
against graphic standard deviation (6G) display a positive correlation (Fig. 4.111.14A) 
indicating that the increase in standard deviation is directly proportional with increase in 
graphic mean size (Mz). The most of the point in Fig. 4.111.14A fall close to each other, 
representing the dominant textural class silt with the exception of points for other size 
classes which indicates the uniformity in the depositional energy. Fig. 4.i111.14b shows the 
plot of graphic mean size (Mz) against the graphic skewmess (SkG) and display scattered 
points on the graph. It is difficult to get any conclusion from these scattered points. Fig. 
4.111.14C gives a plot of graphic mean size (Mz) against the graphic Kurtosis (KG) in 
which most of the samples form one cluster with few scattered points. The cluster is due 
to textural class silt samples while scatter points represent other textural classes 
indicating that uniformity of depositional medium varied during the deposition of other 
classes. The distribution of points also show an approximate negative correlation between 
graphic Kurtosis (kG) and graphic mean size (Mz). The plot of graphic skewness against 
graphic standard deviation display scattered points and it is difficult to draw a sharp 
conclusion with the exception that most of silt points form a clusture and provides the 
same conclusions as before (Fig. 4.111.14D). Fig. 4.iii.14E shows the graphic Kurtosis 
plotted against graphic skewness (SKG) and shows that most of the points form one 
cluster for silt and appear that the graphic Kurtosis is negatively correlated with the 
graphic skewness (SKG). It again indicates that the process of deposition was mostly 
uniform for most of the samples. The plot of graphic skewness (SkG) against graphic 
standard deviation (KG) (Fig. 4.111.14F) display scatter points except silt sample forming 
single cluster and give same influence as in the other scatter plots. 


Table 4.i11.5 provides the summary statistics of various textural classes and weight 
percentages of Khewra Sandstone as a formation exposed at Nilawahan. The sandstone 
was observed in 3 samples and consists of dominantly very fine sand. The sand forms 
a total of 83.30%. The silt is the second dominant class which is about 15.04% and the 
clay is the least dominant constituent and was observed as 1.50 percent. The textural 
class called as_ siltysand includes 5 samples and again shows dominance of sand 
(63.85%) * 85%\ silt3tUne /32:86%\ and miner clay (3.22%). 


Fig. 4.111.5A/1. THE FREQUENCY CURVES PLOTTED FROM 
WEIGHT PERCENTAGES AGAINST THE GRAIN SIZE FOR 
UNIT Ae 
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Fig. 4.i11.-5A/3. THE FRESUENCY CURVES PLOTTED FOR 
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The sandysilt represents the dominance of silt which is 66.09% followed by sand which 
is 26.14% and minor clay which is 7.51%. The siltstone was observed in 49 samples and 
display dominantly silt (89.95%). Clay is the second dominant constituent with a weight 
percentages of (9.3%) and minor sand (.59). 


Fig. 4,111.12 (a) &(b) provides the histogram and cumulative frequency curves for 
the textural classes of the Khewra Sandstone exposed at Nilawahan for 3 samples of 
sandstone, 5 samples of siltysand, 5 samples of sandysilt and 49 samples of siltstone. The 
histograms for the sandstone and silty sand are asymmetrical and appear that they 
adopted their shape due to their depositional influence of the transported materials 
through rivers and the detritus deposited due to beach environment. The sandysilt and 
siltstone also display similar influence. The cumulative frequency curve for the samples 
of sandstone (Fig. 4.11.12b) is very similar to the cumulative frequency curve plotted by 
Selley (1976) for river sands. The cumulative frequency curves for siltysand, sandysilt 
and siltstone are reasonably steep and display better sorting. Fig 4.ii1.13 provides the 
weight percentages plotted against grain sizes in Phi-unit to display the frequency curves 
of textural classes for sandstone, siltysand, sandysilt and siltstone, respectively. The 
frequency curve for sandstone ( 3 sample ) is leptokurtic in nature and resemble the 
frequency curve of river sand provided by Selley (1976). The frequency curve for 
siltysand (5 samples > is asymmetrical and shows a curve which does not resemble to the 
curve of a single environment given by Selley (1976) and could be due to the 
combination of the environmental processes due to channel deposits and beach deposits. 
The frequency curve for sandysilt is partly platykurtic and asymmetrical in nature and 
can be called positively skewed. Similarly, the frequency curve for 49 samples of 
siltstone appears to be leptokurtic to platykurtic in nature, positively skewed and most 
likely adopted its shape due to combination of environmental processes such as channel 
detritus, beach deposition and probably delta front type of deposits. 


4.11.4 DISCUSSION: 


The grain size analyses of the Khewra Sandstone exposed at Nilawahan shows 
that the grain size increases from the base to the top of the formation. The formation 
display three units in field, the basal unit or unit A consist of mainly silty shale and 
clayey siltstone. The middle unit or unit B includes siltstone and sandysilt, while the 
upper unit or unit C represents fine grained sandstone and sandysilt in the field. The 
same observation was found during the sedimentological analyses of the samples of 
Khewra Sandstone taken from all the three units from base to the top of the formation. 
The coarsening upward sequence is generally known from the deltaic sequence and 
shoreline deposits. Van Straaten (1959) described in detail the sedimentary 
environments of deposition and pointed out that fluviomarine deposits are usually 
characterized by a distinct gradation from a relatively sandy or silty composition directly 
at the distributary mouths to pure clay in the offshore areas. Scrutton (1964) provided a 
deltaic sequence of Mississippi delta for delta front silts and sands, prodelta silty clays 
and off shore clays. Van Straaten (1959) stated that the fluviomarine river deposits of the 
Grandrond mouth are sandy in composition. He stated that the proximal parts of the delta 
display abundant layers and laminae of sand and silty sand. The coarse grained layers of 
sand and intercalated layers of fine sand and silt decrease in thickness in deep waters. 


<a 


Fig. 4.iii.5E/1. THE FREQUENCY CURVES PLOTTED FOR 
THE WEIGHT PERCENTAGES AGAINST THE GRAIN SIZE 


FOR UNIT BR. 


aie 
’ 


100 tar 
NWN-KHS 4 AWN-KHS 4S, ‘ NNN HHS 
| 4%, hg NHN-KHS Lop, | NNN-KHS Eo 


ere 
NAIN-KHS Hf NKN- KAS 43h 


NWN-KHS 3% NWN-KHS 3% 


6 
ORT ce! cby ida, TERE 5 1 : ton Gon Bit 7 een 


Grain size ( Phi-uhit) 


Fig. 4.ii1.58/2. THE FREQUENCY CURVES PLOTTED FOR 
THE WIELGHT PERCENTAGES AGAINST THE GRAIN SIZE 
FOR UNIT B. 
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Rainwater (1976) showed that the thickness and vertical sequence of sediments indicate 
their depositional environments. Similarly, the lateral sequence of sediment also indicate 
the sedimentary sequences. He stated that the salt domes and shale ridges can be 
originated due to rapid sedimentation in deltaic depocentres during the delta building. 
Fisk (1954) studied the Mississippi delta for its grain size and concluded that the grain 
size increases towards the top of the sedimentary sequence. Kruite (1955) studied the 
sediment of Rhone Delta and concluded that the grain size increases towards the top of 
the sedimentary deltaic sequence. The grain size analyses of khewra Sandstone exposed 
at Nilawahan display only four textural classes observed as sandstone , siltysand, 
sandysilt and siltstone according to Folk (1957). Fig. 4.111.2, 4.111.3, 4.111.4, 4.111.8, 4.111.10 
and 4.iii.12 display histograms and cumulative frequency curves for the individual 
samples related to units A, B, C and Khewra Sandstone as a formation, respectively. The 
histograms are generally unimodel and display major contribution of sandy silt and silt. 
The cumulative frequency curves are generally steep and represent moderate sorting. Fig. 
4.11.5A, 4.11.5B, 4.111.5C, 4.11.7, 4.111.9, 4.111.11, and 4.111.13 give the frequency curves 
for the individual samples, for individual units and for the Khewra Sandstone as a 
formation, respectively. The frequency curves are generally positively skewed, 
asymmetrical and platykurtic to leptokurtic in nature. This shows that the depositional 
medium was uniform during the deposition of the major part of the Khewra Sandstone at 
Nilawahan. The scatter plots were prepared after the procedure given by Khalaf, AlBakri 
and Al Ghadban (1984). They plotted four statistical parameters known as graphic mean 
size (Mz), graphic standard deviation (6G), graphic skewness (SkG) and graphic kurtosis 
(KG) against each other in six combinations (Fig. 4.111.14). These scatter plots show that 
the textural classes representing sandysilt and silt lie mostly in one cluster but the 
samples of textural class representing sand and silty sand lie comparatively away from 
the main silt class and therefore indicate the variation in the energy of depositional 
medium. It can be concluded that the silty sand and sand were deposited in a depositional 
medium with comparatively high energy as compared to the depositional medium for the 
silt and sandysilt. It is probable that the Khewra Sandstone exposed at Nilawahan was 
deposited in a deltaic environment where grain size increases towards the top of the 
formation. The lower unit or unit A was most likely deposited in a delta front to delta 
slope environment where silt is the dominant fraction Kab.4.iii.2). The dry seasons gave 
rise to the deposition of lenticular carbonate beds intercalated with the lower units. The 
presence of sideritic material in units A and B also supports the view about the deltaic 
environment (Gelley, 1985, 1976) plotted cummulative weight percentages against the 
grain size to know the sorting of the sediment from different environments. Fzg.4.111.15B 
compares the cummulative percentages of present work with the work provided by Selley 
(1976). The curves obtained for units A, B and C resemble with the "E" curve of Selley 
(1976} which represent the river and deltaic deposits. Fig. 4.111.16 provides the 
histograms for dune sand (A), glacial till (B), Pelagic mud (C), beach sand (D), and river 
sand (E) plotted by Selley (1976). The present work shows that most of the histograms 
resemble to the histogram called "E" for river sand plotted by Selley (1976). It is likely 
that Khewra Sandstone was deposited as a detritus material by the rivers into the shore 
area forming a delta. Fig 4.111.17A gives the C-M diagram of Passega (1957, 1964) given 
by Selley (1976) for differentiating various environments such as pelagic suspension (I), 
uniform suspension (II), graded suspension (III), bed load (IV), and turbidity current (V). 
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4.11.5 SUMMARY AND CONCLUSION: 


1. The Khewra Sandstone exposed at Nilawahan can be texturally divided into four 
textural classes called as sandstone, silty sand, sandysilt and siltstone. The silt is the 
dominant fraction, sandstone and siltysand occur only in the upper unit or unit C. The 
Khewra Sandstone should be called as a Khewra siltstone on the basis of textural 
classification. 


2. The Khewra Sandstone exposed at Nilawahan display upward coarsening 
sequence, graded bedding at the base while the beds in the middle and upper units are 
coarse grained. The textural classification, the cumulative frequency curves, curves, C-M 
diagram, comparative studies of frequency histograms and scatter plots indicate that the 
Khewra was most likely deposited in deltaic to delta front environments. 


3. The detritus was transported from the continent through rivers and partly due to 
winds. 
4. The unit A of Khewra Sandstone represents the bottom set beds, unit B represents 


the fore set beds and unit C displays the top set beds of a deltaic sequence defined by 
Scrutton (1964) and Rainwater (1976). 


a: The upper unit or unit C was deposited due to the more influence of the 
channel/river transported material influenced by beach environment. The middle unit or 
Unit B was also influenced by channel transported material, beach environment and delta 
slope environments. The lower unit or unit A was deposited mostly due to delta slope 
turbidity current and delta front uniform suspension material. 
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TABLE — 4.iii.1:- STRATIGRAPHIC POSITION OF SAMPLES FROM KHEWRA 
SANDSTONE EXPOSED AT NILAWAHAN. 


MAJOR BEDS SAMPLE POSITION 
SAMPLE NO. MAIN LITHOLOGY Sr.No. THICKNESS (cm) (CM) 
NWN-KHS- ABOVE THE BASE 
1/88 Gypseous Marl - - Just below the base of 
Khewra Sandstone 
2/88 Siltstone and siltyshale 1 180 1.0above the base 
3/88 Siltstone 1 180 180 
4/88 Siltstone to fine sandstone 2 130 310 
5/88 Siltstone and silty shale 4 170 623 
6/88 Siltstone to fine sandstone 5 212 835 
7/88 Siltstone 6 160 995 
8/88 Siltstone 8 114 1279 
9/88 Siltstone to fine sandstone 9 140 1419 
10/88 Silty shale 10 170 1589 
11/88 Siltstone to fine sandstone 12 70 1730 
12/88 Dolomitic siltstone to silty 13 200 1999 
dolomite 
13/88 Siltstone to fine sandstone and 14 370 2369 
shale 
14/88 Siltstone to fine sandstone and 15 316 2685 
shale 
15/88 Siltstone to fine sandstone and 16 200 2885 
shale 
16/88 Siltstone to fine sandstone 17 05 2970 
17/88 Shale 18 10 2988 
18/88 Siltstone to fine sandstone and 19 241 3229 
shale 
19/88 Shale 28 29 3390 
20/88 Calcareous sandstone to 29 21 3411 
siltstone 
21/88 Siltstone to fine sandstone 33 49 3559 
22/88 Shale 34 15 3574 
23/88 Siltstone 35 9.5 3583.5 
24/88 Calcareous siltstone to 36 27 3616.5 
sandstone 
25/88 Siltstone to calcareous 38 16 4113.5 
26/88 Siltstone to calcareous 46 15 4163.5 
sandstone 
27/88 Shale and calcareous 54 44 4438.5 
siltstone/mudstone 
28/88 Silty dolomite to dolomitic 55 50 4654.5 
siltstone 
29/88 Shale 58 115 4438.5 
30/88 Fine sandstone to calcareous 62 45 4654.5 
siltstone 
31/88 Shale 63 10 4654.5 
32/88 Calcareous siltstone to 68 50 6868.5 
sandstone 
33/88 Shale and sandstone 73 12 5077.5 
34/88 Shale and sandstone 75 170 5421.5 


35/88 
36/88 
37/88 
38/88 
39/88 
40/88 
41/88 
42/88 
43/88 
44/88 
45/88 
46/88 
47/88 
48/88 
49/88 
50/88 
51/88 
52/88 
53/88 
54/88 
55/88 
56/88 
57/88 
58/88 
59/88 
60/88 
61/88 
62/88 


Shale 

Sandstone 

Sandstone to siltstone 
Shale and fine sandstone 
Sandstone 

Fine sandstone to siltstone 
Sandstone 

Sandstone 

Shale 

Shale 

Sandstone 

Shale 

Sandstone 

Sandstone 

Sandstone 

Sandstone 

Sandstone 

Sandstone 

Sandstone 

Sandstone 

Sandstone 

Sandstone 

Sandstone 

Sandstone 

Sandstone 

Sandstone 
Conglomeratic sandstone 
Siltstone of Kussak Formation 


5512.5 
5754.5 
6189.5 
6463.5 
6821.5 
7279.5 
7894.5 
8056.5 
8081.5 
8171.5 
8451.5 
8463.5 
9078.5 
9744.5 
10616.5 
11381.5 
11639.5 
11979.5 
12491.5 
13091.5 
13821.5 
14131.5 
14611.5 
14861.5 
15384.5 
15984.5 
16184.5 
Just above the Kussak 
Formation 


TABLE  4.iii.2:- SEDIMENTOLOGICAL ANALYSES OF KHEWRA SANDSTONE 


EXPOSED AT NILAWAHAN. 
SAND SILT CLAY 

SAMPLE VERYFINE COARSE MEDIU FINE VERY 

NONWN- COARSE =MEDIU FINE (0.125-00625) — (0.625- M(@01- (@0156- FINE LITHOLO- 
KHS- 10-05 M(@S- (025-) mm 0031)mm 00156) 0,0078) (OF0078- = 00039)» GICNAME 

mm 025)mm = 0.125mm mm mm 00039) mm 
mn 

UNIT-A 

1/88 - - - - 58.82 10.92 18.00 10.08 10.08 — Siltstone 
2/88 - - - - 70.58 20.58 2.94 2.94 2.94  Siltstone 
3/88 - - - - 60.11 19.29 7.79 7.23 5.56  Siltstone 
4/88 - - - - 61.93 24.40 6.55 3.82 3.27 Siltstone 
5/88 - - - - 40.49 23.20 14.07 11.85 10.37. Siltstone 
6/88 - - - - 33.22 21.72 17.25 14.37 13.42  Siltstone 
7/88 - - - - 72.72 18.80 3.76 2.82 1.88 — Siltstone 
8/88 - - - - 55.82 25.47 8.13 5.69 4.87  Siltstone 
9/88 - - - - 64.72 15.15 12.24 4.37 3.49 — Siltstone 
10/88 - - - - 58.01 23.12 11.56 4.86 2.43 — Siltstone 
11/88 - - - - 55.33 23.34 9.13 6.09 6.09 — Siltstone 
12/88 - - - - 47.33 31.33 12.00 4.005 4.00  Siltstone 
13/88 - - - - 50.11 25.09 13.67 6.43 4.58  Siltstone 
14/88 - - - - 45.16 34.09 13.82 4.14 2.76  Siltstone 
15/88 - - - - 64.13 21.93 6.32 5.06 2.53 Siltstone 
16/88 - - - - 48.45 27.51 14.78 5.54 3.69 — Siltstone 
17/88 - - - - 59.63 29.35 7.56 2.06 1.37 Siltstone 
18/88 - - - - 45.34 28.99 12.26 6.69 6.69 — Siltstone 
19/88 - - - - 53.04 28.66 8.60 5.37 4.30  Siltstone 
20/88 - - - - 60.24 22.97 8.30 4.65 3.72 — Siltstone 
21/88 - - - - 65.42 17.84 S57 9:57 4.46  Siltstone 
22/88 - - - - 50.24 33.16 9.84 4.52 3.01 — Siltstone 
23/88 - - - - 45.45 20.45 13.63 11.93 8.52 Siltstone 
24/88 - - - - 44.65 21.37 13.20 11.32 9.43 — Siltstone 
25/88 - - - - 41.41 17.75 14.20 14.20 12.42  Siltstone 
26/88 - - - - 47.09 17.24 13.86 11.22 10.56 — Siltstone 
27/88 - - - - 43.56 21.67 14.63 10.16 9.75 Siltstone 
28/88 - - - - 36.65 19.92 15.43 14.46 13.50 — Siltstone 
29/88 - - - - 43.03 24.68 15.19 11.39 5.69 — Siltstone 
30/88 - - - - 30.03 22.01 20.60 16.73 10.30 — Siltstone 
31/88 - - - - 40.58 23.00 13.80 11.29 11.29 — Siltstone 
32/88 - - - - 34.00 22.00 18.00 1600 10.00 — Siltstone 
33/88 - - - - 44.15 25.28 13.01 9.62 7.92  Siltstone 
34/88 - - - - 34.22 22.46 16.04 14.43 12.83  Siltstone 
35/88 - - - - 47.36 26.02 18.15 8.65 7.80  Siltstone 
UNIT -B 

36/88 - - - - 34.41 23.73 16.02 13.35 12.46 — Siltstone 
37/88 - - - - 42.14 18.17 14.87 12.39 12.39 — Siltstone 
38/88 - - - - 41.33 22.66 14.00 12.00 10.00 — Siltstone 
39/88 - - - - 29.91 20.46 18.89 16.53 14.17 — Siltstone 
40/88 - - - - 46.98 21.68 12.04 10.84 8.43 Siltstone 
41/88 - - - - 37.72 20.63 19.21 11.74 10.67 — Siltstone 
42/88 - - - - 28.89 18.81 15.12 13.10 12.09 — Siltstone 
43/88 - - - - 36.22 19.23 15.32 13.92 12.53 Siltstone 
44/88 - - - - 40.14 24.59 16.27 9.76 9.22  Siltstone 
45/88 - - - - 26.82 21.95 19.51 19.51 12.19 — Siltstone 
46/88 - - - - 40.20 23.51 17.37 11.75 7.15  Siltstone 
47/88 - - - - 40.09 22.49 16.13 Siltstone 
48/88 - - - - 32.27 23.62 17.29 14.69 12.10 Siltstone 
49/88 - - - 22.95 22.76 18.96 15.93 10.24 9.10 Siltstone 
50/88 - - - 22.85 21.88 17.39 15.14 12.61 10.09 Siltstone 
51/88 - - - 8.30 34.49 19.06 16.34 13.62 8.17 Siltstone 


52/88 


UNIT - C 


53/88 
54/88 
55/88 
56/88 
57/88 
58/88 
59/88 
60/88 
61/88 
62/88 


43.96 


60.97 
18.67 
50.23 
61.66 
74.45 
71.96 
68.64 
60.69 
24.10 
26.07 


16.06 


11.81 
35.32 
22.47 
10.95 
7.83 
7.81 
3.88 
4.13 
10.37 
38.51 


12.05 


9.45 
18.82 
13.95 

8.88 

5.96 

6.51 

2.77 

2.74 

6.23 
13.38 


10.54 


7.09 
12.42 
7.74 
8.21 
4.48 
5.86 
2.22 
2.05 
4.14 
8.78 


9.04 


5.90 
7.89 
4.20 
6.17 
3.90 
5.20 
1.93 
1.64 
3.09 
T33 


8.28 


4.72 
6.76 
1.35 
4.10 
3.34 
2.60 
1.66 
0.80 
2.05 
5.01 


Siltstone 


Siltstone 
Siltstone 
Siltstone 
Siltstone 
Siltstone 
Siltstone 
Siltstone 
Siltstone 
Siltstone 
Siltstone 


TABLE = 4.iii.3:- +©SUMMARY STATISTICS OF GRAIN SIZE PARAMETERS OF 
KHEWRA SANDSTONE EXPOSED AT NILAWAHAN. 
GRAPHIC COARSEST 
SAMPLE STANDARD GRAPHIC GRAPHIC MEDIAN ONE 
NO. MEAN DEVIATION SKEWNESS KURTOSIS DIAMETER PERCENTILE 
NWN- SIZE (6G) (SKG) (KG) (M) (C) 
KHS- (Mz) 
1/88 4.86 1.71 0.49 0.85 6.5 1.62 
2/88 3.95 1.07 0.06 1.25 6.5 1.50 
3/88 4.57 1.29 0.31 a3 6.5 1.60 
4/88 4.33 1.00 0.13 1.26 6.5 1.59 
5/88 5.20 1.59 0.28 0.79 6.5 1.78 
6/88 5.49 1.69 0.17 0.78 6.5 1.90 
7/88 4.09 0.88 0.08 1.39 6.5 1.50 
8/88 4.56 1.15 0.23 127 6.5 1.63 
9/88 4.41 1.23 0.34 1.13 6.5 1.50 
10/88 4.49 1.12 0.21 1.09 6.5 1.50 
11/88 4.65 1.27 0.29 1.23 6.5 1.60 
12/88 4.70 1.14 0.14 1.10 6.5 1.72 
13/88 4.70 1.25 0.24 1.14 6.5 1.66 
14/88 4.60 1.05 0.04 1.12 6.5 174 
15/88 4.33 1.05 0.19 1.16 6.5 1.50 
16/88 4.71 1.15 1.95 1.07 6.5 1.60 
17/88 4.33 0.90 0.05 0.95 6.5 1.55 
18/88 4.85 1.30 0.23 1.17 6.5 1.71 
19/88 4.56 1.12 0.15 1.31 6.5 1.60 
20/88 4.44 1.07 0.22 1.26 6.5 1.55 
21/88 4.37 1,12 0.26 1.40 6.5 1.50 
22/88 4.53 1.01 0.07 1.14 6.5 1.65 
23/88 5.04 1.59 0.37 0.65 6.5 1.71 
24/88 5.08 1.60 0.31 0.90 6.5 73 
25/88 5.31 1.72 0.27 0.75 6.5 1.76 
26/88 5.01 1.62 0.47 0.89 6.5 1.67 
27/88 5.21 1.60 0.15 0.81 6.5 1.65 
28/88 5.48 1.67 0.25 0.73 6.5 1.80 
29/88 5.04 1.44 0.25 0.94 6.5 [7 
30/88 5.10 1.55 0.70 0.82 6.5 1.91 
31/88 535 1.67 0.31 0.86 6.5 [77 
32/88 5.29 1.43 0.04 0.69 6.5 1.85 
33/88 4.86 1.50 0.64 0.98 6.5 ital 
34/88 5.45 1.60 0.22 0.76 6.5 1.85 
35/88 5.06 1.49 0.08 1.00 6.5 1.69 
36/88 5.43 1.65 0.21 0.79 6.5 1.82 
37/88 5.27 1.70 0.28 0.78 6.5 ee 
38/88 5.17 1.58 0.27 0.91 6.5 1.76 
39/88 5.64 1.66 0.12 0.74 6.5 1.92 
40/88 5.01 1.59 0.37 0.91 6.5 169 
41/88 5.30 1.59 0.19 0.89 6.5 1.79 
42/88 5.55 1.72 0.39 : 6.5 1.95 
43/88 5.50 1.80 0.25 0.72 6.5 1.81 
44/88 5.16 1.50 0.26 0.00 6.5 77 
45/88 5.64 1.57 0.05 0.75 6.5 1.96 


46/88 5.16 1.52 0.21 0.90 6.5 1.77 


47/88 5.22 1.58 0.26 0.91 6.5 1.76 
48/88 5.49 1.63 0.17 0.76 6.5 1.90 
49/88 5.56 1.28 0.40 1.05 6.00 1.62 
50/88 5.03 1.82 0.19 0.78 6.00 1.62 
51/88 5.20 1.50 0.28 0.82 6.00 2.00 
52/88 4.48 1.86 0.50 0.84 6.00 1.32 
53/88 3.90 1.49 0.58 2.68 6.00 1.2 

54/88 4.76 1.47 0.32 1.00 6.00 1.98 
55/88 1.23 0.44 1.20 6.00 1.29 
56/88 2.51 1.06 0.41 1.14 6.00 1.20 
57/88 3.47 1.06 0.48 2.34 6.00 1.09 
58/88 3.63 1.26 0.38 2.21 6.00 1.11 
59/88 2.94 0.52 0.36 2.08 5.00 1.11 
60/88 2.80 0.54 0.29 1.86 5.50 1.10 
61/88 2.80 2.00 0.18 0.69 5.00 0.62 
62/88 4.52 1.48 0.38 1.15 6.00 1.54 


TABLE  4.iii4:- SUMMARY STATISTICS OF AVERAGE GRAIN-SIZE PARAMETERS AND 
WEIGHT PERCENTAGES OF VARIOUS TEXTURAL CLASSES UNITS A, B 
AND C OF KHEWRA SANDSTONE EXPOSED AT NILAWAHAN. 


TEXTURAL SIZEPARAMETERS WEIGHT % OF SIZE CLASSES 
UNIT CLASSES (Mz) (6G) (SKG) (KG) SAND SILT CLAY 
A Sandstone (n=0) - - - - - - - 


Siltysand (n=0) - - - - . 3 s 
Sandysilt (n=0) - - - 7 e 
Siltstone (n=35) 4.80 1.33 0.29 1.02 0.00 92.47 744 


B Sandstone (n=0) - - - - - - - 
Siltysand (n=0) - - - - - - - 
Sandysilt (n=3) 5.02 1.65 0.36 0.89 29.92 60.86 9.15 
Siltstone (n=14) 5.33 1.61 0.23 0.58 0.59 87.44 11.16 

C Sandstone (n=3) 2.84 1.20 0.27 1.54 83.30 15.04 1.50 
Siltysand (n=5) 3.47 1.22 0.45 1.91 63.85 32.86 3.22 
Sandysilt (n=2) 4.64 1.47 0.35 1.07 22.37 71.32 5.88 


Siltstone (n=0) - - - - - = = 


TABLE — 4.iii.5:- SUMMARY STATISTICS OF GRAIN SIZE PARAMETERS AND 
WEIGHT PERCENTAGES OF TEXTURAL CLASSES OF KHEWRA 
SANDSTONE EXPOSED AT NILAWAHAN (AS FORMATION) 
SIZE PARAMETERS WEIGHT % OF SIZE CLASSES 
TEXTURAL CLASSES (Mz) (6G) (SKG) (KG) SAND SILT CLAY 
Sandstone (n=3) 2.84 1.20 0.27 1.54 83.30 15.04 1.50 
Siltysand (n=5) 3.47 1,22 0.45 1.91 63.85 32.86 3:22 
Sandysilt (n=5) 4.83 1.56 0.35 0.98 26.14 66.09 7.51 
Siltstone (n=49) 5.06 1.47 0.26 0.80 0.59 89.95 9.30 
Index 
(Mz) Graphic mean size 
(6G) = Graphic Standard deviation 
(SKG) = Graphic Skemeness 
(KG) = Graphic Kurtosis 
n = Number of samples 
TABLE — 4.iii.6:- GRAIN SIZE DATA OF KHEWRA SANDSTONE EXPOSED AT 
NILAWAHAN BY WEIGHT % & CUMMULATIVE %. 
UNIT-A UNIT-B UNIT-C 
MAIN GRAIN WEIGHT CUMMULATIVE WEIGHT CUMMULATIVE WEIGHT CUMMULATIVE 
FRACTION SIZE % % % % % % 
SAND Coarse 0.00 0.00 0.00 0.00 0.00 0.00 
Medium 0.00 0.00 0.00 0.00 2.60 2.60 
Fine 0.00 0.00 0.00 0.00 2.73 5.33 
Very Fine 0.00 0.00 0.00 0.00 43.95 49.20 
SILT Coarse 47.85 47.85 36.69 36.69 17.77 67.05 
Medium 23.29 71.14 21.65 58.34 11.15 78.20 
Fine 12.10 83.24 16.30 74.14 8.63 86.63 
Very Fine 9.44 92.46 13.11 87.75 6.60 93.43 
CLAY 7.44 99.68 11.40 99.15 4.85 98.28 


Appendix — 1. 


GRAIN SIZE ANNALYSIS 
(Appendices, 4.iii, 1-62) 

SAMPLE No. NWN-KHS-1/88 

LOCATION OF SAMPLE Nilawahan Area 

WEIGHT OF SAMPLEBEFORE ANALYSIS 100GMS 

Particle Size Class Mid Cumulative 
S. Particle Size (microns) Interval point Weight Weight Weight % Method of 
No. (mm) (2) (o) (grams) % age age Analysis 
1 2.0-1.0 2000-1000 -1-0 -0-5 - - - Sieving 
2 1.1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 1:5 - - - Sieving 
4 025-0.125 250-125 2-3 2.5 - - - Sieving 
5 0125-0625 125.63 3-4 3.5 - - - Sieving 
6 00625-0312 63-31.5 4-5 4.5 58.82 58.82 58.82 Hydrometer 
gi 0312-00156 31.5-15.6 5-6 2) 10.08 10.92 69.74 Hydrometer 
8 00156-00078 15.6-7.8 6-7 6.5 10.08 10.08 79.82 Hydrometer 
9. 0,0078-0,0039 7.8-3.9 7-8 iS 10.08 10.08 89.90 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 10.08 10.08 99.98 Hydrometer 
Appendix — 2. 
GRAIN SIZE ANNALYSIS 

SAMPLE No. NWN-KHS-2/88 

LOCATION OF SAMPLE Nilawahan Area 

WEIGHT OF SAMPLEBEFOREANALYSIS 100GMS 

Particle Size Class Mid Cumulative 

S. Particle Size (microns) Interval (2) point Weight Weight Weight % Method of 
No. (mm) (@) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 -1-0 -0-5 - - - Sieving 
2: 1.1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 025-0.125 250-125 2-3 2.5 - - - Sieving 
5. 0125-0625 125.63 3-4 3.5 - - - Sieving 
6. 00625-0312 63-31.5 4-5 4.5 70.58 70.58 70.58 Hydrometer 
ts 0312-00156 31.5-15.6 5-6 55 20.58 20.58 91.16 Hydrometer 
8. 00156-00078 15.6-7.8 6-7 6.5 2.94 2.94 94.10 Hydrometer 
9. 00078-00039 7.8-3.9 7-8 i) 2.94 2.94 97.04 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 2.94 2.94 99.98 Hydrometer 


Appendix — 3. 


GRAIN SIZE ANNALYSIS 
1. SAMPLE No. NWN-KHS-3/88 
2. LOCATION OF SAMPLE Nilawahan Area 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 
Particle Size Class Mid Cumulative 
S. Particle Size —_ (microns) Interval point Weight Weight Weight % Method of 
No. (mm) (9) (9) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 -1-0 -0-5 - - - Sieving 
2. 1.1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 025-0.125 250-125 2-3 i - - - Sieving 
3: 0,125-0625 125.63 3-4 3.5 - - - Sieving 
6. 00625-0312 63-31.5 4-5 45 60.11 60.11 60.11 Hydrometer 
vie 0312-00156 31.5-15.6 5-6 55 19.29 19.29 79.40 Hydrometer 
8. 00156-00078 15.6-7.8 6-7 6.5 7.79 7.79 87.19 Hydrometer 
9. 00078-00039 7.8-3.9 7-8 TS 7.23 7.23 94.42 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 5.56 5.56 99.98 Hydrometer 
Appendix — 4. 
GRAIN SIZE ANNALYSIS 
1: SAMPLE No. NWN-KHS-4/88 
2. LOCATION OF SAMPLE Nilawahan Area 
3. WEIGHT OF SAMPLEBEFORE ANALYSIS 100GMS 
Particle Size Class Mid Cumulative 
S. Particle Size (microns) Interval point Weight Weight Weight % Method of 
No. (mm) (9) (9) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 -1-0 -0-5 - - - Sieving 
2: 1.1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3: 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 025-0.125 250-125 2-3 2.5 - - - Sieving 
5. 0125-0625 125.63 3-4 3.5 - - - Sieving 
6. 00625-0312 63-31.5 4-5 4.5 61.93 61.93 61.93 Hydrometer 
Ti 0312-00156 31.5-15.6 5-6 5.5 24.40 24.40 86.33 Hydrometer 
8. 00156-00078 15.6-7.8 6-7 6.5 6.55 6.55 92.88 Hydrometer 
9. 00078-00039 7.8-3.9 7-8 TS 3.82 3.82 96.70 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 3.27 3.27 99.97 Hydrometer 


Appendix — 5. 


GRAIN SIZE ANNALYSIS 

SAMPLE No. NWN-KHS-5/88 

LOCATION OF SAMPLE Nilawahan Area 

WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 

Particle Size Class Mid Cumulative 
S. Particle Size —_ (microns) Interval point Weight Weight Weight % Method of 
No. (mm) (9) (@) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 -1-0 -0-5 - - - Sieving 
2. 1.1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 025-0.125 250-125 2-3 25 - - - Sieving 
3: 0,125-0625 125.63 3-4 3.5 - - - Sieving 
6. 00625-0312 63-31.5 4-5 45 40.49 40.49 40.49 Hydrometer 
vie 0312-00156 31.5-15.6 5-6 55 23.20 23.20 63.69 Hydrometer 
8. 00156-00078 15.6-7.8 6-7 6.5 14.07 14.07 71.76 Hydrometer 
9. 00078-00039 7.8-3.9 7-8 TS 11.85 11.85 89.61 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 10.37 10.37 99.98 Hydrometer 
Appendix — 6. 
GRAIN SIZE ANNALYSIS 

SAMPLE No. NWN-KHS-6/88 

LOCATION OF SAMPLE Nilawahan Area 

WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 

Particle Size Class Mid Cumulative 

S. Particle Size (microns) Interval point Weight Weight Weight % age Method of 
No. (mm) (9) (9) (grams) % age Analysis 
1. 2.0-1.0 2000-1000 -1-0 -0-5 - - - Sieving 
2: 1.1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3: 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 025-0.125 250-125 2-3 2.5 - - - Sieving 
5. 0125-0625 125.63 3-4 3.5 - - - Sieving 
6. 00625-0312 63-31.5 4-5 4.5 33.22 33.32 33.22 Hydrometer 
a 0312-00156 31.5-15.6 5-6 5.5 21.72 21.72 54.94 Hydrometer 
8. 00156-00078 15.6-7.8 6-7 6.5 17.25 17.25 72.19 Hydrometer 
9. 00078-00039 7.8-3.9 7-8 7 14.37 14.37 86.56 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 13.42 13.42 99.98 Hydrometer 


Appendix — 7. 


GRAIN SIZE ANNALYSIS 
1. SAMPLE No. NWN-KHS-7/88 
2. LOCATION OF SAMPLE Nilawahan Area 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 
Particle Size Class Mid Cumulative 
S. Particle Size —_ (microns) Interval point Weight Weight Weight % Method of 
No. (mm) (9) (9) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 -1-0 -0-5 - - - Sieving 
2. 1.1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 025-0.125 250-125 2-3 i - - - Sieving 
3: 0,125-0625 125.63 3-4 3.5 - - - Sieving 
6. 00625-0312 63-31.5 4-5 45 72.72 72.72 72.72 Hydrometer 
vie 0312-00156 31.5-15.6 5-6 55 18.80 18.80 91.52 Hydrometer 
8. 00156-00078 15.6-7.8 6-7 6.5 3.76 3.76 95.28 Hydrometer 
9. 00078-00039 7.8-3.9 7-8 TS 2.82 2.82 98.10 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 1.88 1.88 99.98 Hydrometer 
Appendix — 8. 
GRAIN SIZE ANNALYSIS 
1: SAMPLE No. NWN-KHS-8/88 
2. LOCATION OF SAMPLE Nilawahan Area 
3. WEIGHT OF SAMPLEBEFOREANALYSIS 100GMS 
Particle Size Class Mid Cumulative 
S. Particle Size (microns) Interval point Weight Weight Weight % Method of 
No. (mm) (2) (9) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 -1-0 -0-5 - - - Sieving 
2: 1.1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3: 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 025-0.125 250-125 2-3 2.5 - - - Sieving 
5. 0125-0625 125.63 3-4 3.5 - - - Sieving 
6. 00625-0312 63-31.5 4-5 4.5 55.82 55.82 55.82 Hydrometer 
7. 0312-00156 31.5-15.6 5-6 5.5 25.47 25.47 81.29 Hydrometer 
8. 00156-00078 15.6-7.8 6-7 6.5 8.13 8.13 89.42 Hydrometer 
9. 00078-00039 7.8-3.9 7-8 7 5.69 5.69 95.11 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 4.87 4.87 99.98 Hydrometer 


Appendix — 9. 


GRAIN SIZE ANNALYSIS 

SAMPLE No. NWN-KHS-9/88 

LOCATION OF SAMPLE Nilawahan Area 

WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 

Particle Size Class Mid Cumulative 
S. Particle Size —_ (microns) Interval point Weight Weight Weight % Method of 
No. (mm) (9) (9) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 -1-0 -0-5 - - - Sieving 
2. 1.1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 025-0.125 250-125 2-3 i - - - Sieving 
3: 0,125-0625 125.63 3-4 3.5 - - - Sieving 
6. 00625-0312 63-31.5 4-5 45 64.72 64.72 64.72 Hydrometer 
ve 0312-00156 31.5-15.6 5-6 5.5 15.15 15.15 79.87 Hydrometer 
8. 00156-00078 15.6-7.8 6-7 6.5 12.24 12.24 92.11 Hydrometer 
9. 00078-00039 7.8-3.9 7-8 TS 4.37 4.37 96.48 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 3.49 3.49 99.97 Hydrometer 
Appendix — 10. 
GRAIN SIZE ANNALYSIS 

SAMPLE No. NWN-KHS-10/88 

LOCATION OF SAMPLE Nilawahan Area 

WEIGHT OF SAMPLE BEFOREANALYSIS 100GMS 

Particle Size Class Mid Cumulative 

S. Particle Size (microns) Interval point Weight Weight Weight % Method of 
No. (mm) (2) (9) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 -1-0 -0-5 - - - Sieving 
2: 1.1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3: 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 025-0.125 250-125 2-3 2.5 - - - Sieving 
5. 0125-0625 125.63 3-4 3.5 - - - Sieving 
6. 00625-0312 63-31.5 4-5 4.5 58.01 58.01 58.01 Hydrometer 
7. 0312-00156 31.5-15.6 5-6 5.5 23.12 23.12 81.13 Hydrometer 
8. 00156-00078 15.6-7.8 6-7 6.5 11.56 11.56 92.69 Hydrometer 
9. 00078-00039 7.8-3.9 7-8 75 4.86 4.86 97.55 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 2.43 2.43 99.98 Hydrometer 


Appendix — 11. 


GRAIN SIZE ANNALYSIS 
1. SAMPLE No. NWN-KHS-1 1/88 
2. LOCATION OF SAMPLE Nilawahan Area 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 
Particle Size Class Mid Cumulative 
S. Particle Size —_ (microns) Interval point Weight Weight Weight % Method of 
No. (mm) (9) (9) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 -1-0 -0-5 - - - Sieving 
2. 1.1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 025-0.125 250-125 2-3 i - - - Sieving 
3: 0,125-0625 125.63 3-4 3.5 - - - Sieving 
6. 00625-0312 63-31.5 4-5 45 55.33 55.33 55.33 Hydrometer 
vie 0312-00156 31.5-15.6 5-6 55 23.34 23.34 78.67 Hydrometer 
8. 00156-00078 15.6-7.8 6-7 6.5 9.13 9.13 87.80 Hydrometer 
9. 00078-00039 7.8-3.9 7-8 TS 6.09 6.09 99.98 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 6.09 5.19 99.37 Hydrometer 
Appendix — 12. 
GRAIN SIZE ANNALYSIS 
1: SAMPLE No. NWN-KHS- 12/88 
2. LOCATION OF SAMPLE Nilawahan Area 
3: WEIGHT OFSAMPLEBEFOREANALYSIS 100GMS 
Particle Size Class Mid Cumulative 
S. Particle Size (microns) Interval point Weight Weight Weight % Method of 
No. (mm) (2) (9) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 -1-0 -0-5 - - - Sieving 
2: 1.1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3: 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 025-0.125 250-125 2-3 2.5 - - - Sieving 
5. 0125-0625 125.63 3-4 3.5 - - - Sieving 
6. 00625-0312 63-31.5 4-5 4.5 47.33 47.33 47.33 Hydrometer 
A 0312-00156 31.5-15.6 5-6 5.5 31.33 31.33 78.66 Hydrometer 
8. 00156-00078 15.6-7.8 6-7 6.5 12.00 12.00 90.66 Hydrometer 
9. 00078-00039 7.8-3.9 7-8 7 5.00 5.00 95.66 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 4.00 4.00 99.66 Hydrometer 


Appendix — 13. 


GRAIN SIZE ANNALYSIS 
1. SAMPLE No. NWN-KHS- 13/88 
2. LOCATION OF SAMPLE Nilawahan Area 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 
Particle Size Class Mid Cumulative 
S. Particle Size —_ (microns) Interval point Weight Weight Weight % Method of 
No. (mm) (9) (9) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 -1-0 -0-5 - - - Sieving 
2. 1.1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 025-0.125 250-125 2-3 i - - - Sieving 
3: 0,125-0625 125.63 3-4 3.5 - - - Sieving 
6. 00625-0312 63-31.5 4-5 4.5 50.11 50.11 50.11 Hydrometer 
vie 0312-00156 31.5-15.6 5-6 55 25.09 25.09 75.20 Hydrometer 
8. 00156-00078 15.6-7.8 6-7 6.5 13.67 13.67 88.87 Hydrometer 
9. 00078-00039 7.8-3.9 7-8 TS 6.43 6.43 95.30 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 4.58 4.58 99.88 Hydrometer 
Appendix — 14. 
GRAIN SIZE ANNALYSIS 
1: SAMPLE No. NWN-KHS-14/88 
2. LOCATION OF SAMPLE Nilawahan Area 
3: WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 
Particle Size Class Mid Cumulative 
S. Particle Size —_ (microns) Interval point Weight Weight Weight % Method of 
No. (mm) (2) (9) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 -1-0 -0-5 - - - Sieving 
2: 1.1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3: 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 025-0.125 250-125 2-3 2.5 - - - Sieving 
5. 0125-0625 125.63 3-4 3.5 - - - Sieving 
6. 00625-0312 63-31.5 4-5 4.5 45.16 45.16 45.16 Hydrometer 
A 0312-00156 31.5-15.6 5-6 5.5 34.09 34.09 79.25 Hydrometer 
8. 00156-00078 15.6-7.8 6-7 6.5 13.82 13.82 93.07 Hydrometer 
9. 00078-00039 7.8-3.9 7-8 7 4.14 4.14 97.21 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 2.76 2.76 99.97 Hydrometer 


Appendix — 15. 


GRAIN SIZE ANNALYSIS 
1. SAMPLE No. NWN-KHS-15/88 
2. LOCATION OF SAMPLE Nilawahan Area 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 
Particle Size Class Mid Cumulative 
S. Particle Size —_ (microns) Interval point Weight Weight Weight % Method of 
No. (mm) (9) (9) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 -1-0 -0-5 - - - Sieving 
2. 1.1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 025-0.125 250-125 2-3 i - - - Sieving 
3: 0,125-0625 125.63 3-4 3.5 - - - Sieving 
6. 00625-0312 63-31.5 4-5 45 64.13 64.13 64.13 Hydrometer 
vie 0312-00156 31.5-15.6 5-6 55 21.93 21.93 86.06 Hydrometer 
8. 00156-00078 15.6-7.8 6-7 6.5 6.32 6.32 92.38 Hydrometer 
9. 00078-00039 7.8-3.9 7-8 TS 5.06 5.06 97.44 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 2.53 2.53 99.97 Hydrometer 
Appendix — 16. 
GRAIN SIZE ANNALYSIS 
1: SAMPLE No. NWN-KHS-16/88 
2. LOCATION OF SAMPLE Nilawahan Area 
3. WEIGHT OF SAMPLEBEFORE ANALYSIS 100GMS 
Particle Size Class Mid Cumulative 
S. Particle Size (microns) Interval point Weight Weight Weight % Method of 
No. (mm) (2) (9) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 -1-0 -0-5 - - - Sieving 
2: 1.1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3: 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 025-0.125 250-125 2-3 2.5 - - - Sieving 
5. 0125-0625 125.63 3-4 3.5 - - - Sieving 
6. 00625-0312 63-31.5 4-5 4.5 48.45 48.45 48.45 Hydrometer 
7. 0312-00156 31.5-15.6 5-6 5.5 27.51 27.51 75.96 Hydrometer 
8. 00156-00078 15.6-7.8 6-7 6.5 14.78 14.78 90.74 Hydrometer 
9. 00078-00039 7.8-3.9 7-8 7 5.54 5.54 96.28 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 3.69 3.69 99.97 Hydrometer 


Appendix — 17. 


GRAIN SIZE ANNALYSIS 
1. SAMPLE No. NWN-KHS-17/88 
2. LOCATION OF SAMPLE Nilawahan Area 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 
Particle Size Class Mid Cumulative 
S. Particle Size —_ (microns) Interval point Weight Weight Weight % Method of 
No. (mm) (9) (9) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 -1-0 -0-5 - - - Sieving 
2. 1.1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 025-0.125 250-125 2-3 i - - - Sieving 
3: 0,125-0625 125.63 3-4 3.5 - - - Sieving 
6. 00625-0312 63-31.5 4-5 45 59.63 59.63 59.63 Hydrometer 
vie 0312-00156 31.5-15.6 5-6 55 29.35 29.35 88.98 Hydrometer 
8. 00156-00078 15.6-7.8 6-7 6.5 7.56 7.56 96.54 Hydrometer 
9. 00078-00039 7.8-3.9 7-8 TS 2.06 2.06 98.6 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 1.37 1.37 99.97 Hydrometer 
Appendix — 18. 
GRAIN SIZE ANNALYSIS 
1: SAMPLE No. NWN-KHS-18/88 
2. LOCATION OF SAMPLE Nilawahan Area 
3. WEIGHT OF SAMPLE BEFOREANALYSIS 100GMS 
Particle Size Class Mid Cumulative 
S. Particle Size (microns) Interval point Weight Weight Weight % Method of 
No. (mm) (2) (9) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 -1-0 -0-5 - - - Sieving 
2: 1.1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3: 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 025-0.125 250-125 2-3 2.5 - - - Sieving 
5. 0125-0625 125.63 3-4 3.5 - - - Sieving 
6. 00625-0312 63-31.5 4-5 4.5 45.34 45.34 45.34 Hydrometer 
A 0312-00156 31.5-15.6 5-6 5.5 28.99 28.99 74.33 Hydrometer 
8. 00156-00078 15.6-7.8 6-7 6.5 12.26 12.26 86.59 Hydrometer 
9. 00078-00039 7.8-3.9 7-8 7 6.69 6.69 93.78 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 6.69 6.69 99.97 Hydrometer 


Appendix — 19. 


GRAIN SIZE ANNALYSIS 
1. SAMPLE No. NWN-KHS-19/88 
2. LOCATION OF SAMPLE Nilawahan Area 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 
Particle Size Class Mid Cumulative 
S. Particle Size (microns) Interval point Weight Weight Weight % Method of 
No. (mm) (@) (o) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 -1-0 -0-5 - - - Sieving 
2: 1.1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 025-0.125 250-125 2-3 2.5 - - - Sieving 
5. 0125-0625 125.63 3-4 3.5 - - - Sieving 
6. 00625-0312 63-31.5 4-5 45 53.04 53.04 53.04 Hydrometer 
ae 0312-00156 31.5-15.6 5-6 5.5 28.66 28.66 81.7 Hydrometer 
8. 00156-00078 15.6-7.8 6-7 6.5 8.60 8.60 90.3 Hydrometer 
9. 00078-00089 7.8-3.9 7-8 75 5.37 S07 95.67 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 4.30 4.30 99.97 Hydrometer 
Appendix — 20. 
GRAIN SIZE ANNALYSIS 
1. SAMPLE No. NWN-KHS-20/88 
2: LOCATION OF SAMPLE Nilawahan Area 
3: WEIGHTOFSAMPLEBEFOREANALYSIS 100GMS 
Particle Size Class Mid Cumulative 
S. Particle Size —_ (microns) Interval point Weight Weight Weight % Method of 
No. (mm) (2) (9) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 -1-0 -0-5 - - - Sieving 
2. 1.1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 025-0.125 250-125 2-3 2.5 - - - Sieving 
5. 0125-0625 125.63 3-4 3.5 - - - Sieving 
6. 00625-0312 63-31.5 4-5 45 60.24 60.24 60.24 Hydrometer 
7. 0312-00156 31.5-15.6 5-6 5.5 22.97 22.97 83.21 Hydrometer 
8. 00156-00078 15.6-7.8 6-7 6.5 8.38 8.38 91.59 Hydrometer 
9. 00078-00039 7.8-3.9 7-8 75 4.65 4.65 96.24 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 3.72 3.72 99.96 Hydrometer 


Appendix — 21. 


GRAIN SIZE ANNALYSIS 
1. SAMPLE No. NWN-KHS-21/88 
2. LOCATION OF SAMPLE Nilawahan Area 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 
Particle Size Class Mid Cumulative 
S. Particle Size —_ (microns) Interval point Weight Weight Weight % Method of 
No. (mm) (@) (o) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 -1-0 -0-5 - - - Sieving 
2: 1.1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 025-0.125 250-125 2-3 2.5 - - - Sieving 
5. 0125-0625 125.63 3-4 3.5 - - - Sieving 
6. 00625-0312 63-31.5 4-5 45 65.42 65.42 65.42 Hydrometer 
ds 0312-00156 31.5-15.6 5-6 5.5 17.84 17.84 83.26 Hydrometer 
8. 00156-00078 15.6-7.8 6-7 6.5 557 $57 88.83 Hydrometer 
9. 00078-00089 7.8-3.9 7-8 75 5.57 5,57 94.40 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 4.46 4.46 98.86 Hydrometer 
Appendix — 22. 
GRAIN SIZE ANNALYSIS 
1. SAMPLE No. NWN-KHS-22/88 
2: LOCATION OF SAMPLE Nilawahan Area 
3: WEIGHTOFSAMPLEBEFOREANALYSIS 100GMS 
Particle Size Class Mid Cumulative 
S. Particle Size —_ (microns) Interval point Weight Weight Weight % Method of 
No. (mm) (2) (9) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 -1-0 -0-5 - - - Sieving 
2. 1.1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5. 0125-0625 125.63 3-4 3.5 - - - Sieving 
6. 00625-0312 63-31.5 4-5 45 50.24 50.24 50.24 Hydrometer 
7. 0312-00156 31.5-15.6 5-6 5.5 33.16 33.16 83.4 Hydrometer 
8. 00156-00078 15.6-7.8 6-7 6.5 9.04 9.04 92.44 Hydrometer 
9. 00078-00039 7.8-3.9 7-8 75 4.52 4.52 96.96 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 3.01 3.01 99.97 Hydrometer 


Appendix-23 
GRAIN SIZE ANALYSIS 


i. SAMPLE NO. NWN-KHS-23/88 
2. LOCATION OF SAMPLE NILAWAHAN AREA 
a WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
Sr. Particle Size (m) Particle Size Class Mid Weight Weight Cumulative Method of 
No. (micros) Interval point (grams) % age Weight % Analysis 
(0) (0) age 
1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-05 1000-500 0-1 0.5 - - - Sieving 
3. 0.2-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5. 0.125-0625 125-63 3-4 3.5 - - - Sieving 
6. 0.0625-0.0612 63-31.5 4-5 4.5 45.45 45.45 45.45 Hydrometer 
7. 0.0612-0.0156 31.5-15.6 5-6 5.5 20.45 20.45 66.9 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 13.63 13.63 79.53 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 75 11.93 11.93 91.46 Hydrometer 
10. < 0.0089 <3.9 8-9 8.5 8.52 8.52 99.98 Hydrometer 
Appendix-24 
GRAIN SIZE ANALYSIS 
if SAMPLE NO. NWN-KHS-24/88 
2. LOCATION OF SAMPLE NILAWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
Sr. Particle Size (m) Particle Size Class Mid Weight Weight Cumulative Method of 
No. (micros) Interval point (grams) % age Weight % Analysis 
(9) (9) age 
1. f.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-05 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1:5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 25 - - - Sieving 
5. 0.125-0625 125-63 3-4 3.5 - - - Sieving 
6. 0.0625-0.03 12 63-31.5 4-5 4.5 44.65 44.65 44.65 Hydrometer 
Ts 0.0612-0.0156 31.5-15.6 5-6 5.5 21.37 21.37 21.37 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 13.20 13.00 97.02 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 75 11.32 11.32 90.34 Hydrometer 
10. < 0.0089 <3.9 8-9 8.5 9.43 9.43 99.77 Hydrometer 


Appendix-25. 


GRAIN SIZE ANALYSIS 
SAMPLE NO. NWN-KHS-25/88 
LOCATION OF SAMPLE NILAWAHAN AREA 
WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
Particle size Particle Size Class Mid point Weight Weight % Cumulative Method of 
(mm) (micros) Interval (9) (grams) age Weight % Analysis 
(9) age. 
! 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4 0.25-0.125 250-125 2-3 25 - - - Sieving 
5 0.125-0625 125-63 3-4 3.5 - - - Sieving 
6 0.0625-0.03 12 63-31.5 4-5 4.5 41.41 41.41 41.41 Hydrometer 
7 0.0312-0.0156 31.5-15.6 5-6 55 17.75 17.75 59.16 Hydrometer 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 14.20 14.20 73.36 Hydrometer 
9 0.0078-0.0039 7.8-3.9 7-8 fp) 14.20 14.20 87.56 Hydrometer 
10 <0.0039 <3.9 8-9 8.5 12.42 12.42 99.96 Hydrometer 
Appendix-26. 
GRAIN SIZE ANALYSIS 
SAMPLE NO. NWN-KHS-26/88 
LOCATION OF SAMPLE NILAWAHAN AREA 
WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
Particle size(mm) Particle Size Class Mid Weight Weight % Cumulative Method of 
(micros) Interval point (grams) age Weight % Analysis 
(9) (9) age. 
1 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
i) 0.125-0625 125-63 3-4 3.5 - - - Sieving 
6 0.0625-0.0312 63-31.5 4-5 45 47.09 47.09 47.09 Hydrometer 
qi 0.0312-0.0156 31.5-15.6 5-6 5.5 17.24 17.24 64.33 Hydrometer 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 13.86 13.86 78.19 Hydrometer 
9 0.0078-0.0039 7.8-3.9 7-8 is 11.22 11.22 89.41 Hydrometer 
10 <0.0039 <3.9 8-9 8.5 10.56 10.56 99.97 Hydrometer 


Appendix-27. 


GRAIN SIZE ANALYSIS 
SAMPLE NO. NWN-KHS-27/88 
LOCATION OF SAMPLE NILAWAHAN AREA 
WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
Particle size Particle Size Class Mid Weight Weight % Cumulative Method of 
(mm) (micros) Interval point (grams) age Weight % Analysis 
(2) (2) age. 
1 30-1.0 2000-1000 -1-0 0.5 : : : Sieving 
2 = 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 lS - - - Sieving 
4 0.25-0.125 250-125 2-3 2:5 - - - Sieving 
5 0.125-0625 125-63 3-4 3.5 - - - Sieving 
6  0.0625-0.0312 63-31.5 4-5 4.5 43.56 43.56 43.56 Hydrometer 
7 0.0312-0.0156 31.5-15.6 5-6 3:5 21.67 21.67 66.23 Hydrometer 
8 —0.0156-0.0078 15.6-7.8 6-7 6.5 14.63 14.63 79.86 Hydrometer 
9 — 0.0078-0.0039 7.8-3.9 7-8 fe 10.16 10.16 90.02 Hydrometer 
10 <0.0039 <3.9 8-9 8.5 9.75 9.75 99.77 Hydrometer 
Appendix-28. 
GRAIN SIZE ANALYSIS 
1. SAMPLE NO. NWN-KHS-24/88 
2 LOCATION OF SAMPLE NILAWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
Particle size Particle Size Class Mid Weight Weight % Cumulative Weight Method of 
(mm) (micros) Interval point (grams) age % age. Analysis 
(2) (9) 
| 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 13 - - - Sieving 
4 0.25-0.125 250-125 2-3 22 - - - Sieving 
5 0.125-0625 125-63 3-4 3.5 - - - Sieving 
6 —0.0625-0.0312 63-31.5 4-5 45 36.65 36.65 36.65 Hydrometer 
7 ~~ 0.0312-0.0156 31.5-15.6 5-6 a) 19.92 19.92 56.57 Hydrometer 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 15.43 15.43 72.00 Hydrometer 
9 0.0078-0.0039 7.8-3.9 7-8 75 14.46 14.46 86.46 Hydrometer 
10 <0.0039 <3.9 8-9 8.5 13.50 13.50 99.96 Hydrometer 


Appendix-29. 
GRAIN SIZE ANALYSIS 


SAMPLE NO. NWN-KHS-29/88 
LOCATION OF SAMPLE NILAWAHAN AREA 
WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
Particle size Particle Size Class Mid Weight Weight % Cumulative Method of 
(mm) (micros) Interval point (grams) age Weight % Analysis 
()) (0) age. 
1 40-10 2000-1000 10 0.5 : , : Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 15 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5 0.125-0625 125-63 3-4 3:5 - - - Sieving 
6 —0.0625-0.0312 63-31.5 4-5 4.5 43.03 43.03 43.03 Hydrometer 
7  0.0312-0.0156 31.5-15.6 5-6 5.5 24.68 24.68 67.71 Hydrometer 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 15.19 15.19 82.9 Hydrometer 
9 — 0.0078-0.0039 7.8-3.9 7-8 15 11.39 11.39 94.29 Hydrometer 
10 <0.0039 <3.9 8-9 8.5 5.69 5.69 99.98 Hydrometer 
Appendix-30. 
GRAIN SIZE ANALYSIS 
SAMPLE NO. NWN-KHS-30/88 
LOCATION OF SAMPLE NILAWAHAN AREA 
WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
Particle size Particle Size Class Mid Weight Weight % Cumulative Method of 
(mm) (micros) Interval point (grams) age Weight % Analysis 
(2) (9) age. 
1 30-10 2000-1000 -1-0 -0.5 : - : Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 1:5 - - - Sieving 
4 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5 0.125-0625 125-63 3-4 3.5 - - - Sieving 
6 0.0625-0.0312 63-31.5 4-5 4.5 30.03 30.03 30.03 Hydrometer 
a 0.0312-0.0156 31.5-15.6 5-6 5.5 22.01 22.01 52.04 Hydrometer 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 20.6 20.6 72.64 Hydrometer 
9 0.0078-0.0039 7.8-3.9 7-8 72 16.73 16.73 89.37 Hydrometer 
10 ~=<0.0039 <3.9 8-9 8.5 10.30 30.03 99.67 Hydrometer 


GRAIN SIZE ANALYSIS 


Appendix-3 1. 


SAMPLE NO. NWN-KHS-31/88 
LOCATION OF SAMPLE NILAWAHAN AREA 
WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
Particle size Particle Size Class Mid Weight Weight % Cumulative Method of 
(mm) (micros) Interval point (grams) age Weight % age. Analysis 
(2) (2) 
| 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 LS - - - Sieving 
4 0.25-0.125 250-125 2-3 25 - - - Sieving 
5 0.125-0625 125-63 3-4 3.5 - - - Sieving 
6 0.0625-0.0312 63-31.5 4-5 4.5 40.58 40.58 40.58 Hydrometer 
7 0.0312-0.0156 31.5-15.6 5-6 5:5 23.00 23.00 63.58 Hydrometer 
8 —0.0156-0.0078 15.6-7.8 6-7 6.5 13.80 13.80 77.38 Hydrometer 
9  0.0078-0.0039 7.8-3.9 7-8 dd 11.29 11.29 88.67 Hydrometer 
10 <0.0039 <3.9 8-9 8.5 11.29 11.29 99.96 Hydrometer 
Appendix-32. 
GRAIN SIZE ANALYSIS 
SAMPLE NO. NWN-KHS-32/88 
LOCATION OF SAMPLE NILAWAHAN AREA 
WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
Particle size Particle Class — Mid point Weight Weight % Cumulative Method of 
(mm) Size Interval (9) (grams) age Weight % Analysis 
(micros) () age. 
| 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 15 - - - Sieving 
4 0.25-0.125 250-125 2-3 2:5 - - - Sieving 
5 0.125-0625 125-63 3-4 3:5 - - - Sieving 
6 0.0625-0.0312 63-31.5 4-5 4.5 34.00 34.00 34.00 Hydrometer 
7 0.0312-0.0156 31.5-15.6 5-6 5:5: 22.00 22.00 56.00 Hydrometer 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 18.00 18.00 74.00 Hydrometer 
9 0.0078-0.0039 7.8-3.9 7-8 75 16.00 16.00 90 Hydrometer 
10 <0.0039 <3.9 8-9 8.5 10.00 10.00 100 Hydrometer 


GRAIN SIZE ANALYSIS 


Appendix-33. 


il, SAMPLE NO. NWN-KHS-33/88 
2; LOCATION OF SAMPLE NILAWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
Particle size(mm) _ Particle Size Class Mid Weight Weight % Cumulative Method of 
(micros) Interval point (grams) age Weight % Analysis 
(9) (9) age. 
1 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. -0.5-0.25 500-250 1-2 1:5 - - - Sieving 
4 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5 0.125-0625 125-63 3-4 3.5 - - - Sieving 
6  0.0625-0.0312 63-31.5 4-5 4.5 44.15 44.15 44.15 Hydromet 
er 
7 0.0312-0.0156 31.5-15.6 5-6 5.5 25.28 25.28 69.43 Hydromet 
er 
8  0.0156-0.0078 15.6-7.8 6-7 6.5 13.01 13.01 82.44 Hydromet 
er 
9 0.0078-0.0039 7.8-3.9 7-8 15 9.62 9.62 92.06 Hydromet 
er 
10 <0.0039 <3.9 8-9 8.5 7.92 7.92 99.98 Hydromet 
er 
Appendix-34. 
GRAIN SIZE ANALYSIS 
1. SAMPLE NO. NWN-KHS-34/88 
2; LOCATION OF SAMPLE NILAWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
Particle size Particle Size Class Mid Weight Weight % age Cumulative Method of 
(mm) (micros) Interval point (grams) Weight % age. Analysis 
(2) (2) 
: 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
a 0.5-0.25 500-250 1-2 15 - - - Sieving 
4 0.25-0.125 250-125 2-3 225 - - - Sieving 
5 0.125-0625 125-63 3-4 3.5 - - - Sieving 
6 0.0625-0.0312 63-31.5 4-5 4.5 34.22 34.22 34.22 Hydrometer 
7 0.0312-0.0156 31.5-15.6 5-6 5.5 22.46 22.46 56.68 Hydrometer 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 16.04 16.04 72.72 Hydrometer 
9 0.0078-0.0039 7.8-3.9 7-8 75 14.43 14.43 87.15 Hydrometer 
10  <0.0039 <3.9 8-9 8.5 12.83 12.83 99.98 Hydrometer 


GRAIN SIZE ANALYSIS 


Appendix-35. 


1. SAMPLE NO. NWN-KHS-35/88 
2; LOCATION OF SAMPLE NILAWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
Particle size Particle Size Class Mid Weight Weight Cumulative Method of 
(mm) (micros) Interval point (grams) % age Weight % Analysis 
() (9) age. 
1 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4 0.25-0.125 250-125 2-3 2.5: - - - Sieving 
5 0.125-0625 125-63 3-4 3.5 - - - Sieving 
6 0.0625-0.03 12 63-31.5 4-5 45 47.36 47.36 47.36 Hydrometer 
7 0.0312-0.0156 31.5-15.6 5-6 5:5: 26.02 26.02 73.38 Hydrometer 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 10.15 10.15 83.43 Hydrometer 
9 0.0078-0.0039 7.8-3.9 7-8 7S 8.85 8.85 92.08 Hydrometer 
10  <0.0039 <3.9 8-9 8.5 7.80 7.80 99.98 Hydrometer 
Appendix-36. 
GRAIN SIZE ANALYSIS 
1. SAMPLE NO. NWN-KHS-36/88 
2. LOCATION OF SAMPLE NILAWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
Particle size Particle Size (micros) Class Mid Weight Weight Cumulative Method of 
(mm) Interval point (grams) % age Weight % Analysis 
(9) (9) age. 
1 2.0-1.0 2000-1000 -1-0 0.5 : : : Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 15, - - - Sieving 
4 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5 0.125-0625 125-63 3-4 35 - - - Sieving 
6 0.0625-0.03 12 63-31.5 4-5 4.5 34.41 34.41 34.41 Hydrometer 
7 ~~ 0.0312-0.0156 31.5-15.6 5-6 535 23.73 23.73 58.14 Hydrometer 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 16.02 16.02 74.16 Hydrometer 
9 — 0.0078-0.0039 7.8-3.9 7-8 ke) 13.35 13.35 87.51 Hydrometer 
10 <0.0039 <3.9 8-9 8.5 12.46 12.46 99.97 Hydrometer 


GRAIN SIZE ANALYSIS 


Appendix-37. 


il, SAMPLE NO. NWN-KHS-37/88 
2; LOCATION OF SAMPLE NILAWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
Particle size Particle Size Class Mid Weight Weight % Cumulative Method of 
(mm) (micros) Interval Point (grams) age Weight % Analysis 
(9) (2) age. 
1 20-410 2000-1000 -1-0 0.5 : : : Sieving 
2 ~~ 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1:5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5 0.125-0625 125-63 3-4 3:5 - - - Sieving 
6  0.0625-0.0312 63-31.5 4-5 4.5 42.14 42.14 42.14 Hydrometer 
7  0.0312-0.0156 31.5-15.6 5-6 55 18.17 18.17 60.31 Hydrometer 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 17.87 17.87 75.18 Hydrometer 
9 — 0.0078-0.0039 7.8-3.9 7-8 75 12.39 12.39 87.57 Hydrometer 
10  <0.0039 <3.9 8-9 8.5 12.39 12.39 99.96 Hydrometer 
Appendix-38. 
GRAIN SIZE ANALYSIS 
1. SAMPLE NO. NWN-KHS-38/88 
2. LOCATION OF SAMPLE NILAWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
Particle size (mm) Particle Size Class Mid Weight Weight % Cumulative Method of 
(micros) Interval point (grams) age Weight % Analysis 
(9) (9) age. 
1 30-10 2000-1000 ay 0.5 : : : Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5 0.125-0625 125-63 3-4 35 - - - Sieving 
6 — 0.0625-0.03 12 63-31.5 4-5 4.5 41.33 41.33 41.33 Hydrometer 
7 0.0312-0.0156 31.5-15.6 5-6 5.5 22.66 22.66 63.99 Hydrometer 
8 —0.0156-0.0078 15.6-7.8 6-7 6.5 14.00 14.00 77.99 Hydrometer 
9 0.0078-0.0039 7.8-3.9 7-8 LD 12.00 12.00 98.99 Hydrometer 
10 <0.0039 <3.9 8-9 8.5 10.00 10.00 99.99 Hydrometer 


GRAIN SIZE ANALYSIS 


Apperdix-39. 


SAMPLE NO. NWN-KHS-39/88 
LOCATION OF SAMPLE NILAWAHAN AREA 
WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
Particle size Particle Size Class Mid Weight Weight % Cumulative Method of 
(mm) (micros) Interval point (grams) age Weight % Analysis 
(9) (2) age. 
1 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. -0.5-0.25 500-250 1-2 LS - - - Sieving 
4 0.25-0.125 250-125 2-3 2:5 - - - Sieving 
5 0.125-0625 125-63 3-4 3.5 - - - Sieving 
6 = 0.0625-0.0312 63-31.5 4-5 4.5 46.98 46.98 46.98 Hydrometer 
7  0.0312-0.0156 31.5-15.6 5-6 5.5 21.68 21.68 68.66 Hydrometer 
8 —0.0156-0.0078 15.6-7.8 6-7 6.5 12.04 12.04 80.07 Hydrometer 
9  0.0078-0.0039 7.8-3.9 7-8 1 10.84 10.84 91.54 Hydrometer 
10 <0.0039 <3.9 8-9 8.5 8.43 8.43 99.97 Hydrometer 
Apperdix-40. 
GRAIN SIZE ANALYSIS 
SAMPLE NO. NWN-KHS-40/88 
2. LOCATION OF SAMPLE NILAWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
Particle size (mm) Particle Size Class Mid Weight Weight % Cumulative Method of 
(micros) Interval point (grams) age Weight % Analysis 
(9) (9) age. 
! 2050 2000-1000 -1-0 0.5 2 : : Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 15 - - - Sieving 
4 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5 0.125-0625 125-63 3-4 3.5 - - - Sieving 
6 0.0625-0.03 12 63-31.5 4-5 45 46.98 46.98 46.98 Hydrometer 
7 0.0312-0.0156 31.5-15.6 5-6 5.5 21.68 21.68 68.66 Hydrometer 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 12.04 12.04 80.07 Hydrometer 
9  0.0078-0.0039 7.8-3.9 7-8 Ls 10.84 10.84 91.54 Hydrometer 
10 <0.0039 <3.9 8-9 8.5 8.43 8.43 99.97 Hydrometer 


Apperdix-41. 
GRAIN SIZE ANALYSIS 


1. SAMPLE NO. NWN-KHS-41/88 
2; LOCATION OF SAMPLE NILAWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
Particle size (mm) Particle Size Class Mid Weight Weight % Cumulative Method of 
(micros) Interval _ point (9) (grams) age Weight % Analysis 
(9) age. 
1 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5 0.125-0625 125-63 3-4 3:5 - - - Sieving 
6 0.0625-0.03 12 63-31.5 4-5 4.5 37.72 37.72 37.72 Hydrometer 
7 0.0312-0.0156 31.5-15.6 5-6 55 20.63 20.63 58.35 Hydrometer 
8 0.0156-0.0078 15.6-7.8 6-7 6.5 19.21 19.21 77.56 Hydrometer 
9 0.0078-0.0039 7.8-3.9 7-8 if 11.74 11.74 89.30 Hydrometer 
10 <0.0039 <3.9 8-9 8.5 10.67 10.67 99.97 Hydrometer 
Apperdix-42. 
GRAIN SIZE ANALYSIS 
ie SAMPLE NO. NWN-KHS-42/88 
2. LOCATION OF SAMPLE NILAWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms 
Particle size Particle Size Class Mid Weight Weight % Cumulative Method of 
(mm) (micros) Interval point (grams) age Weight % Analysis 
(9) (9) age. 
: 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5 0.125-0625 125-63 3-4 3.5 - - - Sieving 
6 —0.0625-0.03 12 63-31.5 4-5 4.5 S712 37.72 37.12 Hydrometer 
7 0.0312-0.0156 31.5-15.6 5-6 5.5 20.63 20.63 58.35 Hydrometer 
8  0.0156-0.0078 15.6-7.8 6-7 6.5 19.21 19.21 77.56 Hydrometer 
9 — 0.0078-0.0039 7.8-3.9 7-8 Ls 11.74 11.74 89.30 Hydrometer 
1 <0.0039 <3.9 8-9 8.5 10.67 10.67 99.97 Hydrometer 
0 


Appendix-43 


GRAIN SIZE ANALYSIS 
1. SAMPLE NO. NWN-KHS-43/88 
2. LOCATION OF SAMPLE NILAWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms. 
Sr. Particle Size Particle Size Class Mid Weight Weight % Cumulative Method of 
No. (nm) (microns) Interval point (grams) age Weight % Analysis 
(9) (2) age 
1. = 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2: 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3.  0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5.  0.125-0625 125-63 3-4 3.5 - - - Sieving 
6. 0.0625-0.0312 63-31.5 4-5 4.5 36.22 36.22 36.22 Hydrometer 
7. 0.0312-0.0156 31.5-15.6 5-6 5.5 19.23 19.23 55.45 Hydrometer 
8. — 0.0156-0.0078 15.6-7.8 6-7 6.5 15.32 15.32 70-79 Hydrometer 
9. — 0.0078-0.0039 7.8-3.9 7-8 12 13.92 13.92 84-69 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 12.53 12.53 97.22 Hydrometer 
Appendix-44 
GRAIN SIZE ANALYSIS 
1. SAMPLE NO. NWN-KHS-44/88 
2. LOCATION OF SAMPLE NILAWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms. 
Sr. Particle Size Particle Size Class Mid point Weight Weight % Cumulative Method of 
No. (nm) (microns) Interval (9) (grams) age Weight % Analysis 
(9) age 
1. = 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2: 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. — 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 25 - - - Sieving 
5. — 0.125-0625 125-63 3-4 3.5 - - - Sieving 
6. 0.0625-0.0312 63-31.5 4-5 4.5 40.14 40.14 40.48 Hydrometer 
7. 0.0312-0.0156 31.5-15.6 5-6 35 24.59 24.59 64.73 Hydrometer 
8.  0.0156-0.0078 15.6-7.8 6-7 6.5 16.27 16.27 81.00 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 75 9.76 9.76 90.76 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 9.22 9.22 99.98 Hydrometer 


Appendix-45 


GRAIN SIZE ANALYSIS 
1. SAMPLE NO. NWN-KHS-45/88 
2. LOCATION OF SAMPLE NILAWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms. 
Sr. Particle Size Particle Size Class Mid Weight Weight % Cumulative Method of 
No. (nm) (microns) Interval point (grams) age Weight % Analysis 
(9) (9) age 
1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 25 - - - Sieving 
5: 0.125-0625 125-63 3-4 3.5 - - - Sieving 
6. 0.0625-0.03 12 63-31.5 4-5 45 26.82 26.82 26.82 Hydrometer 
7. 0.0312-0.0156 31.5-15.6 5-6 5:5 21.95 21.95 48.77 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 19.51 19.51 68.28 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 75 19.51 19.51 87.79 Hydrometer 
10. = <0.0039 <3.9 8-9 8.5 12.19 12.19 99.98 Hydrometer 
Appendix-46 
GRAIN SIZE ANALYSIS 
1. SAMPLE NO. NWN-KHS-46/88 
2. LOCATION OF SAMPLE NILAWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms. 
Sr. Particle Size Particle Size Class Mid point Weight Weight % Cumulative Method of 
No. — (nm) (microns) Interval (@) (grams) age Weight % Analysis 
(2) age 
1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3: 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 25 - - - Sieving 
5: 0.125-0625 125-63 3-4 3.5 - - - Sieving 
6. 0.0625-0.0312 63-31.5 4-5 45 40.20 40.20 40.48 Hydrometer 
7. 0.0312-0.0156 31.5-15.6 5-6 5.5 23.51 63.71 64.73 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 17.37 81.08 81.00 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 75 11.75 92.83 90.76 Hydrometer 
10.  <0.0039 <3.9 8-9 8.5 TAS 99.98 99.98 Hydrometer 


Appendix-47 


GRAIN SIZE ANALYSIS 

1. SAMPLE NO. NWN-KHS-47/88 

2. LOCATION OF SAMPLE NILAWAHAN AREA 

3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms. 

Sr. Particle Size (nm) Particle Size Class Mid point Weight Weight % Cumulative Method of 

No. (microns) Interval (9) (grams) age Weight % Analysis 

(9) age 
1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5: 0.125-0625 125-63 3-4 3.5 - - - Sieving 
6. 0.0625-0.0312 63-31.5 4-5 4.5 40.09 40.09 40.09 Hydrometer 
7. 0.0312-0.0156 31.5-15.6 5-6 5.5 22.49 22.49 62.58 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 16.13 16.13 78.71 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 fis) 11.00 11.00 89.71 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 10.26 10.26 99.97 Hydrometer 
Appendix-48 
GRAIN SIZE ANALYSIS 

1. SAMPLE NO. NWN-KHS-48/88 

2. LOCATION OF SAMPLE NILAWAHAN AREA 

3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms. 

Sr. Particle Size (nm) Particle Size Class Mid Weight Weight % Cumulative Method of 

No. (microns) Interval point (grams) age Weight % Analysis 

(2) (9) age 

Li; 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 135 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5. 0.125-0625 125-63 3-4 3.5 - - - Sieving 
6. 0.0625-0.0312 63-31.5 4-5 4.5 32.27 32.27 32.27 Hydrometer 
7. 0.0312-0.0156 31.5-15.6 5-6 35 23.62 23.62 55.89 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 17.29 17.29 73.18 Hydrometer 
9: 0.0078-0.0039 7.8-3.9 7-8 7.5 14.69 14.69 87.87 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 12.10 12.10 99.37 Hydrometer 


Appendix-49 


GRAIN SIZE ANALYSIS 
1. SAMPLE NO. NWN-KHS-49/88 
2. LOCATION OF SAMPLE NILAWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms. 
Sr. Particle Size (nm) Particle Size Class Mid Weight Weight % Cumulative Method of 
No. (microns) Interval point (grams) age Weight % Analysis 
(9) (2) age 
1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2: 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2:5 - - - Sieving 
5: 0.125-0625 125-63 3-4 3:5 22.95 22.95 22.95 Sieving 
6. 0.0625-0.0312 63-31.5 4-5 4.5 22.76 22.76 45.71 Hydrometer 
7: 0.0312-0.0156 31.5-15.6 5-6 3:5 18.96 18.96 64.67 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 15.95 15.95 80.60 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 ES 10.24 10.24 90.84 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 9.10 9.10 99.94 Hydrometer 
Appendix-50 
GRAIN SIZE ANALYSIS 
1. SAMPLE NO. NWN-KHS-50/88 
2. LOCATION OF SAMPLE NILAWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms. 
Sr. Particle Size (nm) Particle Size Class Mid point Weight Weight % Cumulative Method of 
No. (microns) Interval (@) (grams) age Weight % Analysis 
(2) age 
1; 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 1:5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2:5 - - - Sieving 
5: 0.125-0625 125-63 3-4 3:5 22.85 22.85 22.85 Sieving 
6. 0.0625-0.0312 63-31.5 4-5 4.5 21.88 21.88 44.73 Hydrometer 
7. 0.0312-0.0156 31.5-15.6 5-6 5.5 17.39 17.39 62.12 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 15.14 15.14 77.26 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 Ts 12.61 12.61 98.87 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 10.09 10.09 99.96 Hydrometer 


Appendix-51 


GRAIN SIZE ANALYSIS 

1. SAMPLE NO. NWN-KHS-5 1/88 

2. LOCATION OF SAMPLE NILAWAHAN AREA 

3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms. 

Sr. Particle Size (nm) Particle Size Class Mid point Weight Weight % Cumulative Method of 
No. (microns) Interval (@) (grams) age Weight % Analysis 

(2) age 

1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2: 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2:5 - - - Sieving 
5: 0.125-0625 125-63 3-4 3:5 8.30 8.30 8.30 Sieving 
6. 0.0625-0.0312 63-31.5 4-5 4.5 34.49 34.49 42.71 Hydrometer 
7: 0.0312-0.0156 31.5-15.6 5-6 3:5 19.06 19.06 61.77 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 16.34 16.34 78.11 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 ES 13.62 13.62 91.73 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 8.17 8.17 99.37 Hydrometer 


Appendix-52 


GRAIN SIZE ANALYSIS 
1. SAMPLE NO. NWN-KHS-52/88 
2. LOCATION OF SAMPLE NILAWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms. 
Sr. Particle Size Particle Size Class Mid Weight Weight % Cumulative Method of 
No. (nm) (microns) Interval point (grams) age Weight % Analysis 
(2) (2) age 
1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2, 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 25 - - - Sieving 
5. 0.125-0625 125-63 3-4 3.5 48.96 48.96 48.96 Sieving 
6. 0.0625-0.0312 63-31.5 4-5 45 16.06 16.06 60.02 Hydrometer 
ds 0.0312-0.0156 31.5-15.6 5-6 5:5 12.05 12.05 72.07 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 10.54 10.54 82.61 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 TS 9.04 9.04 91.65 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 8.18 8.18 99.93 Hydrometer 
Appendix-53 
GRAIN SIZE ANALYSIS 
1. SAMPLE NO. NWN-KHS-53/88 
2. LOCATION OF SAMPLE NILAWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms. 
Sr. Particle Size Particle Size Class Mid point Weight Weight % Cumulative Method of 
No. — (nm) (microns) Interval (9) (grams) age Weight % Analysis 
(9) age 
1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5: 0.125-0625 125-63 3-4 3.5 60.97 60.97 60.97 Sieving 
6. 0.0625-0.0312 63-31.5 4-5 45 11.81 11.81 72.78 Hydrometer 
7. 0.0312-0.0156 31.5-15.6 5-6 5:5 9.45 9.45 82.29 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 7.09 7.09 89.32 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 75 5.90 5.90 95.22 Hydrometer 
10.  <0.0039 <3.9 8-9 8.5 4.2 4.2 99.94 Hydrometer 


Appendix-54 


GRAIN SIZE ANALYSIS 
1. SAMPLE NO. NWN-KHS-54/88 
2. LOCATION OF SAMPLE NILAWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms. 
Sr. Particle Size (nm) Particle Class Mid point Weight Weight % Cumulative Method of 
No. Size Interval (@) (grams) age Weight % Analysis 
(microns) (@) age 
1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5. 0.125-0625 125-63 3-4 3.5 18.67 18.67 18.67 Sieving 
6. 0.0625-0.0312 63-31.5 4-5 4.5 35.32 35.32 53.99 Hydrometer 
Ts 0.0312-0.0156 31.5-15.6 5-6 5.5 18.82 18.82 72.81 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 12.42 12.42 85.29 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 7.5 7.89 7.89 93.12 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 6.76 6.76 99.88 Hydrometer 
Appendix-55 
GRAIN SIZE ANALYSIS 
1. SAMPLE NO. NWN-KHS-55/88 
2. LOCATION OF SAMPLE NILAWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms. 
Sr. Particle Size (nm) Particle Class Mid point Weight Weight % Cumulative Method of 
No. Size Interval (9) (grams) age Weight % Analysis 
(microns) (2) age 
1; 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2% 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 1:5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5: 0.125-0625 125-63 3-4 3:5 50.22 50.22 50.23 Sieving 
6. 0.0625-0.0312 63-31.5 4-5 4.5 22.47 22.47 72.70 Hydrometer 
7. 0.0312-0.0156 31.5-15.6 5-6 5.5 13.95 13.95 86.65 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 7.74 7.74 94.39 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 7.5 4.20 4.20 98.59 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 1.35f1.35 1.35 99.37 Hydrometer 


Appendix-56 


GRAIN SIZE ANALYSIS 
1. SAMPLE NO. NWN-KHS-56/88 
2. LOCATION OF SAMPLE NILAWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms. 
Sr. Particle Size Particle Class Mid point Weight Weight Cumulative Method of 
No. (nm) Size Interval (9) (grams) % age Weight % Analysis 
(microns) (2) age 
I 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5. 0.125-0625 125-63 3-4 3.5 61.66 61.66 61.66 Sieving 
6. 0.0625-0.0312 63-31.5 4-5 4.5 10.95 10.95 72.61 Hydrometer 
Te 0.0312-0.0156 31.5-15.6 5-6 Be) 8.88 8.88 81.49 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 8.21 8.21 89.70 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 LS 6.17 6.17 95.87 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 4.10 4.10 99.97 Hydrometer 
Appendix-57 
GRAIN SIZE ANALYSIS 
1. SAMPLE NO. NWN-KHS-57/88 
2. LOCATION OF SAMPLE NILAWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms. 
Sr. Particle Size Particle Class Mid point Weight Weight Cumulative Method of 
No. (nm) Size Interval (9) (grams) % age Weight % Analysis 
(microns) (@) age 
1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2: 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 15 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5. 0.125-0625 125-63 3-4 3.5 74.45 74.45 74.45 Sieving 
6. 0.0625-0.0312 63-31.5 4-5 4.5 7.83 7.83 82.28 Hydrometer 
7. 0.0312-0.0156 31.5-15.6 5-6 35 5.96 5.96 88.24 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 4.48 4.48 92.72 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 7.5 3.90 3.90 96.62 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 3.34 3.34 99.96 Hydrometer 


Appendix-58 


GRAIN SIZE ANALYSIS 
1. SAMPLE NO. NWN-KHS-58/88 
2. LOCATION OF SAMPLE NILAWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms. 
Sr. Particle Size Particle Class Mid Weight Weight % Cumulative Method of 
No. (nm) Size Interval point (grams) age Weight % Analysis 
(microns) (@) (9) age 
1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 15 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5. 0.125-0625 125-63 3-4 3.5 71.96 71.96 71.96 Sieving 
6. 0.0625-0.0312 63-31.5 4-5 4.5 7.81 7.81 79.77 Hydrometer 
7. 0.0312-0.0156 31.5-15.6 5-6 35 6.51 6.51 86.28 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 5.86 5.86 92.14 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 ves) 5.20 5.20 97.34 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 2.60 2.60 99.94 Hydrometer 
Appendix-59 
GRAIN SIZE ANALYSIS 
1. SAMPLE NO. NWN-KHS-59/88 
2. LOCATION OF SAMPLE NILAWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms. 
Sr. Particle Size Particle Class Mid Weight Weight % Cumulative Method of 
No. (nm) Size Interval point (grams) age Weight % Analysis 
(microns) (2) (2) age 
1; 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2, 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 1.5 2.92 2.92 2.92- Sieving 
4. 0.25-0.125 250-125 2-3 2.5 15.85 15.85 18.77 Sieving 
5: 0.125-0625 125-63 3-4 3.5 68.64 68.64 87.41 Sieving 
6. 0.0625-0.0312 63-31.5 4-5 4.5 3.88 3.88 91.29 Hydrometer 
7. 0.0312-0.0156 31.5-15.6 5-6 5.5 2.77 2.77 94.06 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 2.22 2.22 96.28 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 7.5 1.93 1.93 98.21 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 1.66 1.66 99.81 Hydrometer 


Appendix-60 


GRAIN SIZE ANALYSIS 

1. SAMPLE NO. NWN-KHS-60/88 

2. LOCATION OF SAMPLE NILAWAHAN AREA 

3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms. 

Sr. Particle Size Particle Class Mid Weight Weight Cumulative Method of 
No. (nm) Size Interval point (grams) % age Weight % Analysis 

(microns) (@) (2) age 
1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2: 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 27.90 27.90 27.90 Sieving 
5: 0.125-0625 125-63 3-4 3.5 60.69 60.69 88.90 Sieving 
6. 0.0625-0.0312 63-31.5 4-5 4.5 4.13 4.13 62.18 Hydrometer 
7: 0.0312-0.0156 31.5-15.6 5-6 3:5 2.74 2.74 95.46 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 2.05 2.05 97.51 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 7.5 1.64 1.64 99.15 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 0.80 0.80 99.95 Hydrometer 
Appendix-61 
GRAIN SIZE ANALYSIS 

1. SAMPLE NO. NWN-KHS-61/88 

2. LOCATION OF SAMPLE NILAWAHAN AREA 

3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms. 

Sr. Particle Size Particle Class Mid Weight Weight Cumulative Method of 

No. (nm) Size Interval point (grams) % age Weight % Analysis 

(microns) (2) (2) age 

1; 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2, 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 1.5 33.57 33.57 33.57 Sieving 
4. 0.25-0.125 250-125 2-3 2.5 16.44 16.44 50.01 Sieving 
5: 0.125-0625 125-63 3-4 3.5 24.10 24.10 74.11 Sieving 
6. 0.0625-0.0312 63-31.5 4-5 4.5 10.37 10.37 84.48 Hydrometer 
7. 0.0312-0.0156 31.5-15.6 5-6 5.5 6.23 6.23 90.77 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 4.14 4.14 94.85 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 7.5 3.09 3.09 97.94 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 2.05 2.05 99.99 Hydrometer 


Appendix-62 


GRAIN SIZE ANALYSIS 
1. SAMPLE NO. NWN-KHS-62/88 
2. LOCATION OF SAMPLE NILAWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms. 
Sr. Particle Size (nm) Particle Class Mid Weight Weight % Cumulative Method of 
No. Size Interval point (grams) age Weight % Analysis 
(microns) (@) (@) age 
1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2: 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5: 0.125-0625 125-63 3-4 3.5 26.07 26.07 26.07 Sieving 
6. 0.0625-0.0312 63-31.5 4-5 4.5 38.51 38.51 64.58 Hydrometer 
7: 0.0312-0.0156 31.5-15.6 5-6 3:5 13.38 13.38 77.96 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 8.78 8.78 86.74 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 7.5 7.53 753 94.37 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 5.01 5.01 99.28 Hydrometer 


34 THE PRELIMINARY GEOLOGICAL FIELD STUDIES OF THE 
KHEWRA SANDSTONE OF CAMBRIAN AGE EXPOSED AT 
KALARWAHAN. 


5.1.1 INTRODUCTION: 


The Khewra Sandstone exposed in the Kalarwahan/Katha area can be approached 
from the Katha-Khushab road as semicircular ridges surrounding the Salt Range 
Formation and therefore, indicating a domal structure of the salt. The Khewra Sandstone 
outcrops can be approached in the Kalarawahan Nala which is a salt water spring flowing 
in the area. The Khewra Sandstone in the Kalarawahan/Katha area exhibits vertical ridges 
and vertical slopes. The field area is located in toposheet No. 43 D/6 (Fig. 1.1). 


5.1.2 GENERAL DESCRIPTION: 


The Khewra Sandstone exposed at the Kalarwahan area consists of dark brown to 
purple brown and greenish brown sandstones and displays a thickness of about 143.44m. 
The Khewra Sandstone includes dark brown to reddish shales, dark brown siltstones and 
brown to light brown and greenish brown sandstone with minor carbonate beds. The 
sandstone may be divided into 3 distinct units due to its bedding character and lithologv. 
The lower unit (unit-A) includes thin to medium bedded shale, siltstone and sandstone. 
The middle unit (Unit-B) consists generally medium to thick bedded siltstone, sandstone 
and thin shales. The upper unit (Unit---C) contains thick to massive bedded siltstone and 
sandstones. The Khewra SandstoneS observed in the field are fine to medium grained, 
occasionally coarse grained towards the top, moderately sorted, cross bedded, lenticular 
bedded, and occasionally display chemical weathering. The sandstone dips in the north- 
west direction and the dip vary from 50-60° at the base to about 30° at the top. The 
approximate sand shale ratio calculated in the field is 7.65 (Levorsen 1967). The 
percentage of sand is 88.44 and the shale is 11.56%, approximately. Tables 5.1.1, 5.1.2, 
5.1.3 and 5.1.4 explain the stratigraphic positions of the samples, general lithology of the 
major beds/microbeds/ samples, the sand ~shale percentage/ratios and the samples 
descriptions, respectively. The figures 5.1.1, 5.1.2, and 5.1.3 give the litholgic log, sand 
shale percentages and sand-shale ratios, respectively. The Khewra Sandstone consists of 
78 major beds and 334 total beds including microbeds. The lower contact of the Khewra 
Sandstone with the gypseous marls of the Pre-Cambrian Salt Range Formation is 
disturbed, but the rocks of the Khewra Sandstone and the Salt Range Formation can be 
distinguished in the field on lithological basis and bedding characters. The upper contact 
of the Khewra Sandstone with the overlying Kussak Formation is disconformable and 
may be recognised by a conglomeratic bed which is about 2m thick. The conglomeratic 
bed includes pebbles, gravels, coarse sandstone and clayey detritus materials. The 
Khewra Sandstone is poor to fairly porous. Detailed descriftion of units A, B and C is 
given below. 
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Fig 5.1.1 Continued 


Unit-B. 67.61m 


Medium to thick bedded cross bedded purple 
to light brown sandstone. The colour becomes 
lighter towards the top. The grain size 
increases towards the top. It is ferrogenous 
and micaceous. 


Unit-A. 35. 46m 


Thin to medium bedded shale siltstones. Dark 
brown to purple, calcareous, marly. The 
siltstones and shales are interbedded. 
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5.1.3 UNIT A: 


The lower unit or unit A is 35.46m thick and includes mainly purple to dark 
brown and greenish brown shales intercalating thin siltstones/sandstone (Fig-5.1.1). The 
shales are thinly bedded, medium hard, marly and display silty-sandy beds towards the 
top of this unit. The shales also show gypsum and halite crystals. The greenish brown to 
brown colour of the shales/siltstones is interesting as it displays glauconitic and 
micaceous minerals. The siltstone/sandstone in the lower unit are thin to medium bedded, 
flaggy and exhibit ripple marks, cross bedding, lenticular bedding and mud cracks. The 
sandstones/siltstones are calcareous and often show lenticular beds of marl and 
limestones. This unit consists of 30 major beds and 233 total beds including microbeds. 
The shales are 55.99%, sandstone/siltstones 44.11% and the sand shale ratio is 1.27 
(Table. 5.1.3, Fig. 5.1.3) (Levorsen, 1967). 


The unit A may be further subdivided into 3 subunits. The lower subunit is 
13.00m thick, the middle subunit is 15.00m thick and the upper subunit is 7.46m thick 
from the base towards the top, respectively. These subunits have been distinguished on 
the basis of the sand-shale percentages in the field. The sand-shales percentage in the 
lower sub unit displays comparatively more shaly beds than the middle subunit. 
Similarly, middle sub unit displays more shaly beds than the upper subunit of the unit A. 
The shales, siltstones and sandstones of all these subunits are of calcareous nature. The 
shales display more carbonates as compared to the siltstones/sandstones. The colour of 
the lower unit is dark brown to reddish brown at the base, while it gets dark brown to 
purple brown towards the top. This unit is poorly porous. 


5.1.4 UNIT B: 


The middle unit or unit B is 67.61m thick and consists of sandstones, siltstones 
and minor shales. The siltstones/ sandstones are dark brown to purple brown in colour, 
cross bedded, calcareous, ripple marked, glauconitic and display micaceous material at 
the bedding surfaces. The siltstones/ sandstones are medium bedded at the base and thick 
to massive bedded towards the top. The siltstones/sandstones are fine to medium grained, 
moderately sorted, subangular to subrounded, fair to poorly porous at the base and 
moderately porous towards the top. The siltstones/sandstones are medium hard to hard, 
ridge forming and display chemical weathering. The unit B consists of 41 major beds and 
93 total beds including micro beds. The shales are 1.42%, the sandstones/siltstones 
98.58% (Table 5.1.3, Fig. 5.1.2) and the sand-shales ratio is 69.09 (Table 5.1.3, Fig. 5.1.3) 
(Levorsen 1967). 


This unit may be further subdivided into 2 subunits on the basis of lithology and 
bedding characters. The lower subunit of the unit B is 42.00m thick and contains medium 
to thick bedded siltstone/sandstones intercalating minor shales and displays cross 
bedding, ripple marks and mud cracks. The lenticular beds of calcareous sandstone to 
marly sandstone may be observed which grade into carbonate beds. The upper subunit 
of unit B is 27.6lm thick and is thick to massive bedded sandstones, which are 
calcareous, cross bedded and ripple marked. The sandstones display thin intercalations of 
whitish sandy-silty fractions, which could be due to the air blown sandy-silty materials. 


The distribution of Sand-Shale 
percentages of the Khewra Sandstone 


exposed at Kalarwahan based on the 


field data: 
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5.i55 UNIT C: 


The upper unit or unit C is 40.37m thick and consists of medium to coarse grained 
sandstones. The sandstones are medium hard to friable, cross bedded, massive bedded 
and display a change in colour from light brown at the base to yellowish white and 
yellowish brown at the top. The grain size of the sandstones of this unit gradually 
increases towards the top. A conglomeratic bed marks the top of the unit C and separates 
the Khewra Sandstone from the overlying Kussak Formation. This unit shows medium 
hard to friable sandstones which are comparatively hard at the base and friable at the top. 
This unit is highly porous. The unit C contains 07 major beds (Table-5.i1.1). The 
sandstones/ siltstones are 100% (Table. 5.1.3, Fig. 5.1.2) and the sand shale ratio is 0.00% 
(Table. 5.1.3,Fig. 5.1.3). This unit appears to be very good reservoir for water, oil and gas. 


5.1.6 ENVIRONMENTS 0F DEPOSITION 


The presence of glauconitse, lenticular sandy silty micaceous beds, lenticular 
limestone beds and fossil impressions/tracks in the Khewra Sandstone indicate that it was 
deposited in marine environments. The lower unit was deposited in comparatively low 
energy environments as indicated by the dominance of shaly, silty and thinly bedded 
detritus. The middle unit was deposited in high energy environments as compared to the 
lower unit. This is indicated by the presence of comparatively more coarser material than 
the lower unit. The unit C reflects comparatively high energy medium of deposition than 
the middle units indicated by more coarser, fraction presents in unit C. These 
observations indicate that there was a systematic increase in energy of the depositional 
medium from low energy to high energy where the depositional processes of the Khewra 
Sandstone detritus was arrested due to its exposure representing the shallowing of the 
depositional basin. 


ECONOMIC IMPORTANCE 


L, The units B and C of the Khewra Sandstone exposed at Kalarwahan area display 
high to fair porosity and in the subsurface these sandstones could act as good 
reservoirs for water, oil and gas. 


2. The flaggy beds of the units B and C may be exploited as building stones, 
decoration stones in modern buildings such as Shalimar Garden, Shahi Qila 
Lahore, etc. It may be pointed out that similar type of red sandstone were used 
in the construction of historical buildings in Pakistan and India. 


5.1.7 


The Khewra Sandstone also displays oil seepages in Kalarwahan area which may 
be detected in the flowing waters crossing the Khewra Sandstone outcrops. 


SUMMARY AND CONCLUSIONS 


The Khewra Sandstone exposed at Kalarwahan is 143.44m thick and may be 
further divided in 3 distinct units on the basis of lithology and the bedding 
characters which may be called as units A, B and C from its base to the top, 
respectively. 


The Khewra Sandstone consists of mostly siltstones, sandstones and shales. The 
siltstone/sandstones display dark brown colour, while shales are reddish brown to 
bright red in colour. 


The Khewra Sandstone displays carbonate beds, glauconitic inclusions and faint 
fossil impression/tracks and was most probably deposited in Shallow marine 


conditions to fluvial environments. 


The siltstones/sandstones are 88.44%, shales 11.55% and the sand-shale ratio is 
7.65. 


The units B and C of the Khewra Sandstone may be exploited as reservoir rocks 
in the subsurface for the water, oil and gas. 


The units B and C may also be used as building material and decoration pieces. 
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TABLE: 5.1.1. STRATIGRAPHIC POSITION OF THE SAMPLES OBTAINED FROM 
KHEWRA SANDSTONE EXPOSED AT KALARAHAN 
MAJOR BED Stratigraphic Position 
women nana en nana anne of Samples Above 
Sate ® MAIN LITHOLOGY Sr.No. Thickness Base of Khewra SEE 
Sandstone 
UNIT-A 
KN-KHS-1/88 Gypseous Marl - Just below the base of | Sample is taken from 
Khewra Sandstone. the upper part of Salt 
Part of salt Range Formation. 
KN-KHS-2/88 Siltstone 1 400cm 1.0cm above the base. Sample taken from the 
base of Khewra 
Sandstone. 
KN-KHS-3/88 Siltstone to fine 2 116cm 516cm 
sandstone. 
KN-KHS-4/88 Siltstone and silty 3 320cm 836cm 
shale 
KN-KHS-5/88 Siltstone 6 160cm 116cm 
KN-KHS-6/88 Fine sandstone to i 90cm 1206cm 
marl. 
KN-KHS-7/88 Silty shale 10 20cm 1381cm 
KN-KHS-8/88 Silty shale 13 28cm 1671cm 
KN-KHS-9/88 Fine Sandstone 14 15cm 1686cm Cross bedding and 
lenticular bedding 
obvious. 
KN-KHS-10/88 Siltstone to fine 20 90cm 2346cm 
sandstone and shale 
KN-KHS-1 1/88 Siltstone and shale 22 100cm 2532cm 
KN-KHS-12/88 Calcareous sandstone 26 105cm 3048cm 
KN-KHS-13/88 Fine sandstone to 27 120cm 3048cm 
siltstone 
KN-KHS-14/88 Shale 30 168cm 3546cm 
UNIT -B 
KN-KHS-15/88 Sandstone 31 180cm 3726cm 
KN-KHS-16/88 Sandstone and shale 34 148cm 3984cm 
KN-KHS-17/88 — Marly sandstone 35 50cm 4034cm 
KN-KHS-18/88 Fine sandstone and 37 130cm 4364cm 
shale 
KN-KHS-19/88 Sandstone 40 203cm- 4837cm 
KN-KHS-20/88 Sandstone 44 162cm 5439cm 


KN-KHS-21/88 


KN-KHS-22/88 


KN-KHS-23/88 


KN-KHS-24/88 


KN-KHS-25/88 


KN-KHS-26/88 


KN-KHS-27/88 


KN-KHS-28/88 


UNIT —C 


KN-KHS-29/88 


KN-KHS-30/88 


KN-KHS-3 1/88 


KN-KHS-32/88 


KN-KHS-33/88 


KN-KHS-34/88 


KN-KHS-35/88 


Siltstone to fine 
sandstone and shale 


Sandstone 
Sandstone 
Sandstone 
Sandstone 
Sandstone 
Sandstone 


Sandstone 


Sandstone 


Sandstone 


Sandstone 


Sandstone 


Conglomeratic 
sandstone 
Conglomeratic 
sandstone 

Siltstone to Silty 
dolomite to dolomitic 
siltstone to silty shale. 


6217cm 


6984cm 


7848cm 


8551cm 


8971cm 


9407cm 


9977cm 


1030cm 


10919cm 


12269cm 


13369cm 


14169cm 


14319cm 
14344cm 


Just above the top of 
Khewra Sandstone 


Cross bedding in the 
upper part. 


TABLE: 5.1.2. GENERAL LITHOLOGY OF THE MAJOR BEDS OF SAMPLES OBTAINED 


FROM KHEWRA SANDSTONE EXPOSED AT KALARWAHAN 


THICKNESS MAJOR MICRO SAMPLE GENERAL APPROXIMATE 
MAJOR BEDS ~~ BEDS _—_No.NWN-KHS MAIN LITHOLOGY LITHOLOGY PERCENTAGE 
BEDS 
UNIT -—A 
Gypseous marl 
- - - 1/88 Gypseous Marl Gypseous marl si 
100% 
400 1 1 2/88 Siltstone Thinly beds silt Siltstone 100% 
Siltstone to fine Intercalation of Siltstone 20% 
He : 2 aes sandstone siltstone and shale shale 80% 
Siltstone with silty Intercalated silt stone Siltstone 30% 
oat 2 wee shale and shale shale 70% 
50 4 1 - - Siltstone cross bedded _Siltstone 100% 
; Siltstone 20% 
70 5 8 - - Interbedded silt Shale 80% 
: Interbedded silt stone Siltstone 60% 
160 6 8 5/88 Siltstone aad chai Shale 40% 
90 i 4 6/88 Fine sandstone to Interbedded sand Fine Sandstone 
Marl stone with shale 70%, Shale 30% 
100 8 6 - - Intercalation of Sandstone 40% 
sandstone and shale shale 60% 
55 9 if - - Thinly bedded and Sandstone 100% 
lenticular bedded 
sandstone 
20 10 9 71/88 Silty shale Thin siltstone Siltstone 10% 
interbedded with shale Shale 90% 
160 11 20 - Interbedded silt stone Siltstone 30% 
and shale Shale 90% 
102 12 13 - - Thin shale and Siltstone 90% 
siltstone Shale 10% 
28 13 1 8/88 Silty shale Thinly bedded shale Shale 100% 
15 14 1 9/88 Fine sandstone Grey, Greenish and Sandstone 100% 
brownish colored 
sandstone 
144 15 10 - - Intercalated sand stone Sandstone 60% 
and shale shale 40% 
50 16 1 - - Sandstone Sandstone 100% 


174 


42 
160 


90 


86 


100 


113 


215 


83 
105 


120 


130 


80 
168 


UNIT -B 


180 


70 


40 


148 


50 


17 


18 
19 


20 


21 


22 


23 


24 


25 
26 


27 


28 


29 
30 


31 


32 


33 


34 


35 


20 


20 


10/88 


11/88 


14/88 


15/88 


Siltstone to fine 
sandstone and shale 


Siltstone and shale 


Calcareous sand stone 
and shale 


Fine sandstone to 
siltstone 


Shale 


Sandstone 


Sandstone and shale 


Marly sandstone 


Sandstone and shale 
interbedded together 


Sandstone with shale 


Standstone with shale 


Thinly bedded sand 
stone intercalated and 
shale 


Sandstone with shale 


Thinly bedded silt 
stone intercalated and 
shale 


Sandstone 


Sandstone and shale 


Sandstone 


Thin sandstone 
intercalated and shale 


Sandstone 


Sandstone and shale 


Sandstone 


Shale 


Cross bedded 
sandstone 


Sandstone cemented 
with minor shale 


Thin shale intercalated 
and sandstone 


Sandstone with thin 
shale 


Sandstone with minor 
shale 


Sandstone 50% 
Shale 50% 


Sandstone 100% 


Sandstone 40% 
shale 60% 


Sandstone 30% 
shale 70% 


Sandstone 75% 
shale 25% 


Sandstone 10% 
shale 90% 


Sandstone 100% 


Sandstone 50% 
50% 


Sandstone 100% 


Sandstone 5% 
shale 95% 


Sandstone 100% 


Sandstone 40% 
shale 60% 


Sandstone 100% 
Shale 100% 


Sandstone 100% 


Sandstone 99% 
shale 1% 


Sandstone 95% 
shale 5% 


Sandstone 95% 
shale 5% 


Sandstone 99% 
shale 1% 


200 


130 


110 


160 


203 


200 


110 


130 


162 


270 


370 


138 


113 


168 


303 


183 


140 


170 


95 
165 


94 


200 


36 


37 


38 


39 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


50 


51 


52 


53 


54 
55 


56 


57 


18/88 


19/88 


20/88 


21/88 


22/88 


23/88 


Fine sandstone and 
shale 


Sandstone 


Sandstone 


Siltstone to fine 
sandstone and shale 


Sandstone 


Sandstone 


Sandstone with minor 
shale 


Sandstone with very 
thin shale 


Sandstone with minor 
shale 


Sandstone with minor 
shale 


Very thin shale 
intercalated with 
sandstone 


Cross bedded sand 
stone intercalated 


Sandstone with thin 
shale 


Sandstone interbedded 
with thin shale 


Sandstone with minor 
shale 


Thinly bedded shale 
intercalated sandstone 


Sandstone with minor 
shale 


Sandstone inter 
bedded with shale 


Sandstone intercalated 
and thin shale 


Sandstone and shale 


Thin shale inter 
bedded with sandstone 


Sandstone with minor 
shale 


Sandstone cemented 
with minor shale 


Sandstone with minor 
shale 


Sandstone 


Sandstone with very 
thin shale 


Sandstone massive 
bedded 


Thin shale inter 
bedded with sandstone 


Sandstone 100% 
minor shale 


Sandstone 99% 
shale 1% 


Sandstone 100% 
minor shale 


Sandstone 100% 
minor shale 


Sandstone 99% 
shale 1% 


Sandstone 99% 
shale 1% 


Sandstone 99% 
shale 1% 


Sandstone 99% 
shale 1% 


Sandstone 100%, 
mino shale 


Sandstone 70% 
shale 30% 


Sandstone 100% 
shale 1% 


Sandstone 99% 
minor shale 


Sandstone 95% 
shale 5% 


Sandstone 100%, 
minor shale 


Sandstone 95% 
shale 5% 


Sandstone 100%, 
minor shale 


Sandstone 100% 
, minor shale 


Sandstone 99%, 
shale 1% 


Sandstone 100% 


Sandstone 99% 
shale 1% 


Sandstone 100% 


Sandstone 99% 
shale 1% 


63 


170 


215 


95 
160 


108 


150 


90 


72 


210 


226 


570 


160 
170 


UNIT -C 


612 
620 
730 
1100 


800 
150 


58 


59 


60 


61 
62 


63 


64 


65 


66 


67 


68 


69 


70 
71 


Se =| S| = 


24/88 


Sandstone 


Sandstone 


Sandstone 


Sandstone 


Sandstone 


Sandstone 
Sandstone 


Sandstone 


Sandstone 


Conglomeratic 
sandstone 


Conglomeratic 
sandstone 


Siltstone to dolomite 
to dolomitic silt to 
silty shale 


Massive bedded 
sandstone 


Very thin shale 
intercalated and 
sandstone 


Sandstone with minor 
shale 


Sandstone 


Sandstone cemented 
with minor shale 


Massive cemented 
with minor shale 


Massive bedded 
sandstone incal 
incalated with minor 
shale 


Sandstone with minor 
shale 


Sandstone interbedded 
with minor shale 


Cross bedded 
sandstone 


Sandstone cemented 
with minor shale 


Sandstone with minor 
shale 


Sandstone 


Sandstone 


Sandstone 
Sandstone 
Sandstone 


Cross bedded 
sandstone 


Sandstone 


Sandstone showing 
Conglomeratic texture 


Conglomeratic 
Sandstone 


Siltstone to silty 
dolomite to dolomitic 
silt and silty shale of 
Kussak Formation 


Sandstone 100% 


Sandstone 100%, 
minor shale 


Sandstone 100%, 
minor shale 


Sandstone 100%, 


Sandstone 100%, 
minor shale 


Sandstone 100%, 
minor shale 


Sandstone 100%, 
minor shale 


Sandstone 100%, 


Sandstone 100%, 
minor shale 


Sandstone 100%, 


Sandstone 100%, 
minor shale 


Sandstone 100%, 
minor shale 


Sandstone 100%, 
Sandstone 100%, 


Sandstone 100%, 
Sandstone 100%, 
Sandstone 100%, 
Sandstone 100%, 


Sandstone 100%, 
Sandstone 100%, 


Sandstone 100%, 


Siltstone & silty 
shale 100% 


TABLE 5.i.3. THE SAND-SHALE PERCENTAGES AND RATIOS OF KHEWRA SANDSTONE 
EXPOSED AT KALARAWAHAN 


MAJOR THICKNESS PERCENTAGE PERCENTAGE ACTUAL ACTUAL SAND 
BED OF MAJOR OF SHALE OF SAND THICKNESS THICKNESS SHALE 
NO. BEDS (cm) OF SAND OF SHALE _ RATIO 
UNIT - A 

1 400 - 100% 400 - 0.00 
2 116 80% 20% 23.2 92.8 0.25 
3 320 70% 30% 96.0 224.0 0.42 
4 50 : 100% 50.00 - 0.00 
5 70 80% 20% 14.00 56 0.25 
6 160 40% 60% 96 64 1.50 
7 90 30% 70% 63 27 2.33 
8 100 60% 40% 40 60 0.66 
9 55 : 100% 55 - 0.00 
10 20 90% 10% 2.0 18.00 0.11 
U1 160 70% 30% 48 112 0.42 
12 102 10% 90% 91.8 10.28 9.00 
13 28 100% : - 28.00 0.00 
14 15 : 100% 15 : 0.00 
15 144 40% 60% 86.4 57.6 1.50 
16 50 : 100% 50.00 : 0.00 
17 174 50% 50% 87.00 87.00 1.00 
18 42 : 100% 42.00 - 0.00 
19 160 60% 40% 64.00 96.00 0.66 
20 90 70% 30% 27.00 63.00 0.42 
21 86 25% 75% 64.00 21.50 3.00 
22 100 90% 10% 10.00 90.00 0.11 
23 113 : 100% 113.00 - 0.00 
24 215 50% 50% 107.50 107.50 1.00 
25 83 : 100% 83.00 : 0.00 
26 105 95% 5% 5:05 99.75 0.05 
27 120 : 100% 120.00 - 0.00 
28 130 60% 40% 52.00 78.00 0.66 
29 80 - 100% 80.00 - 0.00 
30 160 100% : - 68.00 0.00 
UNIT - B 

31 180 ; 100% 180.00 : 0.00 
32 70 1% 99% 69.30 70 99.00 
33 40 5% 95% 38.00 1.00 19.00 
34 148 5% 95% 140.60 7.40 19.00 
35 50 1% 99% 49.50 0.50 99.00 
36 200 - 100% 200.00 - 0.00 
37 130 1% 99% 128.00 1.30 0.00 
38 110 - 100% 110.00 - 0.00 
39 160 - 100% 160 - 0.00 
40 203 1% 99% 200.97 2.03 99.00 
41 200 1% 99% 198.00 2.00 99.00 
42 110 5% 95% 104.00 5.50 99.00 
43 130 1% 99% 128.00 1.30 99.00 
44 162 ; 100% 162.00 - 0.00 
45 270 1% 99% 267.30 2.70 99.00 
46 370 : 100% 370 - 0.00 


47 138 30% 70% 96.60 41.40 2.33 
48 113 1% 99% 11.87 1.13 99.00 
49 168 - 100% 168.00 : 0.00 
50 303 5% 95% 287.85 15.15 19.00 
51 193 % 100% 183.00 : 0.00 
52 140 : 100% 140.00 : 0.00 
53 170 1% 99% 163.35 1.65 99.00 
54 95 i 100% 95.00 : 0.00 
55 165 1% 99% 163.35 1.65 99.00 
56 94 2 100% 94.00 : 0.00 
57 200 5% 95% 190 10.00 19.00 
58 63 : 100% 63.00 : 0.00 
59 170 : 100% 170.00 - 0.00 
60 215 : 100% 215.00 : 0.00 
61 95 : 100% 95.00 : 0.00 
62 160 : 100% 160.00 : 0.00 
63 108 ‘. 100% 108.00 : 0.00 
64 150 és 100% 150.00 : 0.00 
65 90 . 100% 90.00 - 0.00 
66 72 : 100% 72.00 : 0.00 
67 210 : 100% 210.00 - 0.00 
68 226 : 100% 226.00 : 0.00 
69 570 2 100% 570.00 : 0.00 
70 160 2 100% 160.00 : 0.00 
71 170 : 100% 170.00 : 0.00 
UNIT -C 

72 612 : 100% 612.00 : 0.00 
2B 620 : 100% 620.00 : 0.00 
74 730 2 100% 730.00 : 0.00 
75 1100 a 100% 1100.00 : 0.00 
16 800 : 100% 800.00 : 0.00 
77 150 2 100% 150.00 : 0.00 
78 25 - 100% 25.00 : 0.00 

SUMMARY OF TABLE 5.i.3 
UNITS THICKNESSOF ACTUAL THICKNESS PERCENTAGES SAND/SHAL 
UNITS (cm) SAND SHALE (cm) SAND SHALE E RATIO 
(cm) 

A 3546.00 1985.65 1560.35 55.997 44.11 1.27 
B 6761.00 6664.54 96.46 98.573 1.42 69.09 
Cc 4037.00 4037.00 : 100 é 0.00 
Fm 14344.00 12687.19 1656.81 88.449 11.56 7,65 


Table: 5.1.4. DESCRIPTION OF SAMPLES FROM KHEWRA SANDSTONE 
EXPOSED AT KALARWAHAN NEAR KATHA. 


KN-KHS-1/88. 
GYPSEOUS MARL: Light red to red, weathers same, medium hard to soft, silty, 
gypsiferous, salty, poorly bedded, 100% gypseous marl, impervious. 


KN-KHS-2/80. 

SILT STONE: Light red to purple red, weathers same, medium hard calcareous, marly, 
micaceous, thinly bedded and cross bedded, 80% siltstone, 20% agrillaceous material, 
poorly porous. 


KN-KHS-3/88. 

SILTSTONE TO FINE SANDSTONE: Light red to purple red, weathers same, medium 
bard, thinly bedded, cross bedded, agrillaceous, calcareous, marly, 80% siltstone, 20% 
agrillaceous material, impervious. 


KN-KHS-4/88. 
SILTSTONE: Light red to red, weathers same, medium hard, thinly bedded, cross 
bedded, laminated, 80% siltstone, 20% agrillaceous material, impervious. 


SILTY SHALE: Light red to red, weathers same, medium hard to soft, calcareous, marly, 
70% agrillaceous material, 30% silty material, impervious. 


KN-KNS-5/88. 
SILTSTONE: Purple red, weathers same, medium hard, thinly bedded, lenticular bedded, 
calcareous, poorly porous, 80% siltstone, 20% agrillaceous material. 


KN-KHS-6/88. 

FINE SANDSTONE TO MARL: Light gray to brownish whitish grey, weathered, light 
brown, medium hard, lenticular bedded, cross bedded, silty, highly calcareous, marly, 
60% siltstone, 40% agrillaceous-calcareous material, impervious. 


KN-KHS-7/88. 

SILTY SHALE: Light red to red occasionally grey, weather same, medium hard to soft, 
highly calcareous, marly, 60% agrillaceous material, 20% silty material, 20% carbonate 
minerals, impervious. 


KN-KHS-8/88. 
SILTY SHALE: Light red to red, weather same, medium hard to soft, calcareous, 70% 
argillceous material, 25% silty material, 5% carbonate material, impervious. 


KN-KHS-9/8B. 


FINE SANDSTONE: Reddish grey to purple grey, weathers to light brown, medium hard 
to hard, calcareous, lenticular bedded, thinly bedded, 70% silty sandstone, 30% carbonate 
material (calcite/ dolomite), impervious.' 


KN-KHS-10/8B. 


SILTSTONE TO FINE SANDSTONE: Purple red to grey, weathers same, medium hard, 
thinly bedded, lenticular bedded, fractured, fractures filled with calcite, marly,.60% silty 
sandy material, 40% carbonate and agrillaceous material, poorly porous. 


SHALE: Light red to purple red, weathers same, medium hard to soft, highly calcareous, 
marly, 70% agrillaceous material, 30% silty and carbonate material, poorly porous. 


KN-KHS-11/88. 


SHALE: Light red to purple red, weather same, medium hard to soft, calcareous, silty, 
70% agrillaceous material, 30% silty calcareous material, impervious. 


SILTSTONE: Light red to purple red, weather same, medium hard, thinly bedded, 
calcareous, 90% siltstone, 10% agrillaceous material, poorly porous. 
KN-KHS-12/88. 


CALCAREOUS SANDSTONE: Yellowish grey to brown, reddish grey, weathers red, 
medium hard, Jenticular bedded, highly calcareous, 60% sandstone to silt stone, 40% 
carbonate and agrillaceous material, impervious. 


SHALE: Light red to purple red, weathers same, medium hard to soft, calcareous, 70% 
agrillaceous material, 30% calcareous and silty material, impervious. 


KN-KHB- 13/88. 


FINE SANDSTONE TO SILTSTONE: Light red to purple red, occasional grey, weathers 
purple brown, medium hard, thinly bedded, lenticular bedded, marly, 70% silty sandy 
material, 30% argillacecu/s calcareous material. 


KN-KHS-14/88. 


SHALE: Light red to purple red, weathers same, medium hard to soft, calcareous, thinly 
bedded, marly, 60% agrillaceous material, 40% calcareous and silty material, impervious. 


KN-KHS-15/88. 


SANDSTONE: Yellowish grey to red, weathers brown, medium hard, thinly bedded, 
lenticular bedded, grey part more calcareous and may contain about 50% carbonate 
material, 50% silty sandy material, purple part may contain 70% silty sandy material, 
30% agrillaceous and calcareous material, impervious. 


KN-KHS-16/88. 


SHALE: Light red to greyish red, weathers same, medium hard to soft, calcareous, marly, 
60% agrillaceous material, 40% calcareous material, impervious. 


SANDSTONE: Light red to greyish red, weathers same, medium hard, agrillaceous, 
marly, 50% sandy material, 50% argillaceous calcareous material, impervious. 


KN-KHS-17/88. 


MARLY SANDSTONE: Yellowish grey, weathers grey, medium hard, marly, fine 
grained, 50% silty sandy material, 50% silty calcareous material, impervious. 


KN-KHS-18/88. 


SHALE: Purple red to red, weather same, medium hard to soft, highly calcareous, 90% 
argillaceous material, 10% silty calcareous, impervious. 


FINE SANDSTONE: Greyish red to purple red, weathers same, medium hard thinly 
bedded, cross bedded, lenticular bedded, grey part more calcareous, and includes 60% 
silty sandy material, 40% argillaceous material, reddish part comparatively less 
calcareous and includes 80% silty sandy material, 20% argillaceous calcareous material, 
impervious. 


KN-KHS-19/88. 


SANISTONE; Purple brown to yellowish grey, weathers same, medium hard, thinly 
bedded, cross bedded, highly calcareous, marly; 60% sandy silty material, 20% 
argillaceous material and 20% carbonate material, impervious. 


KN-KHS-20/88. 


SANDSTONE: Purple red, weathers same, medium hard, highly calcareous, 
concretionary, thinly bedded, cross bedded and lenticular bedded, 80% silty sandy 
material, 15% argillaceous material, 5% carbonates material, impervious. 


KN-KHS-21/88. 


SHALE: Purple red to brownish red, weathers same, medium hard to soft, calcareous, 
80% argillaceous material, 20% silty calcareous material, impervious. 


KN-KHS-22/88. 


SANDSTONE: Yellowish grey to whitish grey, weathers brown and grey, medium hard, 
highly calcareous, thinly bedded, lenticular bedded, cross bedded, concretionary, 
lenticular bed? of yellowish material, 70% silty sandy material, 30% argillaceous 
material and calcareous material, poorly porous. 


KN-KHS-22/88. 


SANDSTONE: Purple to brownish red, weathers same, medium hard to friable, coarse 
grained, calcareous, 80% sandy material, 20% argillaceous and calcareous material, 
impervious. 


KN-KHS-22/88. 


SANDSTONE: Yellowish grey to purple brown, weathers brownish grey, medium hard, 
calcareous, marly, thinly bedded, 70% sandy material, 30% argillaceous and calcareous 
material, poor to moderately porous. 


KN-KHS-22/88. 


SANDSTONE: Yellowish grey to light red, weathers same and grey, medium hard, 
calcareous, thinly bedded and lenticular bedded, 80% silty sandy material, 20% 
argillaceous and calcareous material, poorly porous. 


KN-KHS-26/88. 


SANDSTONE: Yellowish grey to whitish grey and purple red, weather same, medium 
hard, calcareous, cross bedded, micaceous, 80% silty sandy material, 20% argillaceous 
calcareous material, poor to moderately porous. 


KN-KHS-27/88. 


SANDSTONE: Light red to purple red, weathers same and brownish grey, medium hard 
to friable, micaceous, cross bedded, lenticular bedded, moderately porous, 100% 
sandstone. 


KN-KHS-28/88. 


SANDSTONE: Purple red to red, weathers same, medium hard, calcareous, micaceous, 
cross bedded, moderately porous, 100% sandstone. 


KN-KHS-29/88. 


SANDSTONE: Light red to brownish grey, weathers grey, medium hard to friable, 
calcareous,90% silty sandy material, 10% argillaceous and calcareous material, moderate 
to highly porous, coarse grained. 


KN-KHS-30/88. 


SANDSTONE: Yellowish white to light red and yellowish r*’H, weathers same, medium 
hard to friable, coarse grained, micaceous, highly porous, 100% sandstone. 


KN-KNS-31/88. 


SANDSTONE: Yellowish grey to brownish grey, weathers-grey, medium hard, thinly 
bedded, calcareous, argillaceous, 80% silty sandy material, 20% micaceous and 
argillaceous material, moderately porous. 


KN-KHS-32/88. 


SANDSTONE: Yellowish white to brownish white, weathers Yellowish grey, medium 
hard to friable, coarse grained, cross bedded, highly porous, 100% sandstone. 


KN-KHS-33/88. 


CONGLOMERATIC SANDSTONE: Yellowish white to dirty white, weathers light, 
grey to dirty grey, medium hard to friable, coarse grained, gravels of quartz abundant, 
lenticular bedded, occasionally limonitic, highly porous. 100% conglomeratic sandstone. 


KN-KHS-34/88. 


CONGLOMERATIC SANDSTONE: Yellowish grey to whitish grey, weathers, light 
grey and brownish grey, medium hard to friable, coarse grained, gravely, gravels of 
quartz mainly rounded to subrounded, 100% coarse grained conglomeratic sandstone, 
highly porous. 


KN-KHS-35/88. 


SILTSTONE TO SILTY DOLOMITE TO DOLOMITIC SANDSTONE TO SILTY 
SHALE: Brownish grey to yellowish grey to greenish grey, weather same, medium hard 
to soft shale is mainly greyish green and consists of abundant fossils of annelids type of 
animals and in composition may contains 50% argillaceous material, 50% silty sandy 
material, sandstone to silty dolomite generally brownish grey and yellowish grey medium 
hard to hard, displays bioturbation at bedding surfaces, mainly fossils and imprints of 
annelids type of animals and in composition may contain 60% sandstone, 40% 
argillaceous calcareous material, poorly porous. 


5.ii THE PETROGRAPHIC STUDIES OF THE KHEWRA SANDSTONE 
EXPOSED AT THE KALARAWAHAN AREA 


5.ii.1 INTRODUCTION: 


5.11.2 GENERAL: 


The petrographic studies of the Khewra Sandstone were carried out to understand 
the detailed mineral composition of the Khewra Sandstone exposed at Kalarawahan area 
and to investigate the relations of the cement, pore and grains for a clear understanding of 
the diagenetic and burial history of the Khewra Sandstone. About 22 samples were 
studied for the petrographic studies of the Khewra Sandstone from Kalarawahan area. 
The thin sections were studied under a polarized microscope and the minerals were 
identified to know their mode of origin. Figure 5.11.1A shows the lithological log of the 
formation with the stratigraphic location of the samples studied. 


5.1.3 METHODS OF INVESTIGATION: 


Thin sections were prepared according to the procedure given by Kerr (1959). 
All thin sections were studied under microscope in PPL and XPL. According to Selley 
(1976), physical maturity (Mp), chemical maturity (Mc} and net maturity (Mn) was 
calculated by using the formulae given in the section of general petrography 1.11. 


RESULTS: 


i. DETAILED DESCRIPTION OF THE SAMPLES: 


About 22 representative samples were selected to investigate the mineralogy of 
the Khewra Sandstone. The percentages of minerals were determined, neglecting 
porosity, to compare the results with other workers. Table 5.11.1 provides the percentages 
of the minerals of the Khewra Sandstone. The important observations about each sample 
are given as follows: 


1. KN-KHS-3/88. 

This sample shows fine grained, subrounded to subangular quartz grains (45%) 
and few grains of feldspar (2%). It also shows grains of iron oxides. Randomly oriented 
mica flakes, clay materials and carbonates are present in the form of cement (53%). The 
sample displays low porosity due to the diagenetic cement. 


2, KN-KHS-4/88. 

This sample displays fine grained, subrounded to subangular quartz grains <36%> 
and few grains of feldspar (2%). The iron oxides, clay materials and carbonates are 
present in the form of cement (62%). The grains of iron and glauconite can also be seen. 
This cementing material appears to be of diagenetic origin. The porosity of the sample is 
low and was observed of both origins (primary and secondary). 
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3. KN-KNS-5/88. 


This sample shows fine grained, subrounded quartz grains (40%) and grains of 
feldspar (4%). The iron oxides, clay minerals, abundant mica flakes, which are parallel to 
bedding planes of rocks, and carbonates are present in the form of cement (56%). This 
cementing material appears to be of diagenetic origin. However, the sample is highly 
porous, showing primary and secondary porosity due to the spaces between grains and 
fractures/stylolites, respectively. 


4. KN-KHS-6/88. 


This sample displays fine grained, subrounded quartz grains (38%) and grains of 
feldspar (3%). The iron oxides, clay minerals, few flakes of mica and carbonates are 
present as cementing material (59%}. This cementing material appears to be of diagenetic 
origin. The sample shows high porosity. The primary porosity was observed due to 
spaces between grains. The secondary porosity was found due to fractures and stylolites. 


a KN-KNS-9/88. 


This sample shows fine grained, subrounded to subangular quartz grains (46%) 
and grains of feldspar (3%). The iron oxides, clay minerals like chlorite, few flakes of 
mica and carbonates are present as cement (51%). The grains of glauconite can also be 
seen. This cement is diagenetic in origin. The sample shows medium porosity. The 
porosity is due to fractures and stylolites and due to arrangements of the grains. 


6. KN-KHB-10/88. 


This sample displays subrounded to subangular quartz grains (52%) and few 
grains of feldspar (2%). The iron oxides, clay minerals like chlorite, few mica flakes and 
carbonates are present as cement (46%). The carbonate is replacing the quartz grains. The 
grains of iron oxides and glauconite can also be seen. The origin of cement is diagenetic. 
The sample shows low porosity. The sample shows that the carbonate rich solutions 
blocked the pores. The cement may be called of several diagenetic stages entered due to 
pressure solutions. 


Te KN-KHS-11/88. 


This sample shows subrounded to subangular quartz grains (37%) and feldspar 
grains (3%). The iron oxides, clay minerals like chlorite and carbonates are present as 
cement (60%). The grains of iron oxides and glauconite can also be seen. This 
cementing material appears to be of diagenetic origin. The sample shows medium 
porosity. The porosity is due to fractures and stylolites and also due to the primary 
arrangements of the sand grains. The carbonate is mainly calcite with occasional 
dolomite. 


8. KN-KHS-12/88. 


This sample displays subrounded to subangular quartz grains (55%) and grains of 
feldspar (4%). The iron oxides, clay minerals, few flakes of mica and carbonates are 
present as cementing material (41%). The carbonate is replacing the quartz mineral and 
this cementing material is diagenetic in origin. The sample shows low porosity as the 
diagenetic cement has blocked the pores. The carbonates are mainly calcite and dolomite. 


a. KN-KHS-13/88. 

This sample shows subrounded and fractured quartz (43%) and feldspar grains 
(5%). The iron oxides, clay minerals and carbonates, which are replacing quartz, are 
observed as cement (52%). The grains of iron oxides can also be seen. The sample is 
highly porous and shows porosity due to fractures/stylolites and arrangements of the sand 
grains. The carbonate is mainly calcite with some dolomite. Finely crystalline silica can 
be observed occasionally. 


10. KN-KHS-24/88. 

This sample displays fine grained, subrounded to subangular quartz mineral 
(27%) and few grains of feldspar (1%). Iron oxides, clay minerals like chlorite and 
carbonates are present as cement (72%). The grains of iron and glauconite are also 
observed. The cement is diagenetic in origin. Inspite of the presence of cement, the 
sample shows the medium porosity, due to stylolites. The cement shows several phases of 
development as indicated by the size of the cementing material. 


11. KN-KHS-15/88. 

This sample shows fractured and subrounded to subangular quartz (53%) and 
fewgrains of feldspar (2%). The iron oxides, clay minerals and carbonates are present as 
cementing material (45%) which is diagenetic in origin. The sample shows the medium 
porosity. The fractures and stylolites are common and provide the rock a good 
permeability. The primary porosity due to the arrangements of the sand grains can also 
be observed. The carbonate is mainly calcite with some dolomite 


12. KN-KHS-19/88. 

This sample displays subrounded to subangular and fractured quartz (42%) and 
few grains of feldspar (1%).The iron oxides, clay minerals like chlorite and carbonates 
are present as cementing material (57%) which is diagenetic in origin . The grains of 
glauconite can also be seen. The sample shows low porosity due to the high concentration 
of the diagenetic cement. Finely crystalline silica can be occasionally observed. 


12. KN-KHS-19/88. 

This sample displays the subrounded to subangular and fractured quartz (72%) 
and grains of feldspar(3%). The clay minerals, iron oxides and carbonates are cementing 
material (25%) which is diagenetic in origin. The sample shows low porosity, as the 
diagenetic cement has replaced the pores. The cement appears to be of several diagenetic 
phases. The coarse and fine crystals of carbonate cement provide excellent examples of 
the diagenetic history. Similarly the clays are crystallized during burial. 


14. KN-KHS-20/88. 

This sample shows subrounded to subangular and fractured quartz (50%) and few 
grains of feldspar (2%). The iron oxides, clay minerals and carbonates are present as 
cement (48%). This cementing material is diagenetic in origin. Thu sample displays 
medium porosity as the diagenetic cement has blocked the pore spaces. The porosity is 
mainly due to fractures and stylolites but the porosity due to the arrangements of the sand 
grains can also be observed. 


15. KN-KHS-21/88. 

This sample displays subrounded to subangular quartz grains (44%) and few 
grains of feldspar (1%). The iron oxides, clay minerals like chlorite, randomly oriented 
mica flakes, and carbonates are present as cement (55%). The diagenetic cement has 
reduced the porosity of the sample as it is low. The carbonate is mainly calcite with some 
dolomite. 


16. KN-KHS-22/88. 

This sample shows subrounded to subangular quartz grains (45%) and few grains 
of feldspar (1%}. The iron oxides, clay minerals and carbonates are present as cement 
(54%) which is diagenetic in origin. The sample shows medium porosity. The porosity is 
due to stylolites and fractures. Primary porosity due to the arrangements of the grains can 
also be observed. 


17. KN-KHS-24/88. 

This sample displays the fine grained, subrounded quartz grains (30%) and few 
feldspar grains (1%}. The clay minerals like chlorite, and illite, the carbonates and iron 
oxides are present as cement (69%). The iron oxides can also be seen as grains. However, 
in spite of this diagenetic cement, the sample shows medium porosity. The porosity of 
primary and secondary origin can be observed due to fractures and arrangements of the 
sand grains, respectively. 


18. KN-KHS-25/88. 

This sample shows subrounded to subangular quartz grains (43%). Clay minerals, 
carbonates and iron oxides are found in the form of cement (57%) The cement is 
diagenetic in origin and due to this the sample shows low porosity. The carbonate is 
mainly calcite with some dolomite. The cementation occurred in several stages as 
indicated by the arrangements and size of the carbonate and clay crystals. 


19. KN-KHS-26/88. 

This sample displays subrounded quartz (20%) and few grains of feldspar (1%). 
The iron oxides, clay minerals like chlorite and illite and small amount of carbonates 
are found in the form of cement (79%). This diagenetic cemenling material has filled the 
spaces among the grains and due to this cement, the sample shows low porosity. The 
carbonate is mainly calcite. Some clays could not be identified due to their fine crystals. 
The oxides of iron are mostly amorphous. 


20. KN-KHS-27/88. 


The sample shows subrounded to subangular quartz grains (40%) and few grains 
of feldspar (2%). The iron oxides and carbonates are present as cementing materials 
(58%) which are diagenetic in origin and the sample shows high porosity. The porosity is 
due to stylolites/fractures and primary arrangements of the grains. The iron oxides are 
amorphous and occur as coating on the quartz grains. 
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21. KN-KHS-28/88. 


This sample displays subrounded to angular quartz (38%) and grains of feldspar 
(2%). The iron oxides, clay materials and small amount of carbonates are found as 
cementing material (60%}, which is diagenetic in origin. The sample shows low porosity. 
The iron oxides are mostly amorphous and occur as hydrated oxides of iron. The iron 
oxides occasionally occur as magnetite and hematite. The carbonate is mainly calcite. 


22. KN-KHS-31/88. 


This sample shows subrounded to angular quartz grains (42%) and few grains of 
feldspar (1%). The iron oxides, clay minerals like chlorite and small amount of 
carbonates are found in the form of cementing material (57%) which is diagenetic in 
origin. The sample shows low porosity. The porosity is due to stylolites/fractures and 
primary arrangements of the grains. The sample shows good permeability. 


5.1.4 DIAGENESIS AND POROSITY: 


The studies of individual samples indicate that most of the cementing materials 
are diagenetic and are responsible for blocking the porosity of the originally clean and 
porous sands. The approximate porosities were determined to understand the porosity of 
the Khewra Sandstone from its base to its top. Table 5.11.2 provides the approximate 
porosities of the samples. The table indicates that the porosity varies between 1-25%. The 
individual samples show permeability due to stylolites and fractures. The stylolites or 
fractures created due to pressure solutions are generally filled with the secondary cement 
mostly clay minerals and carbonates. 


Sometimes these can be observed as communicating spaces among the pores. It is 
concluded that the permeability was created due to weathering of the sandstone after its 
sub-aerial exposure and erosion. The conglomeratic bed at the top of the formation marks 
an unconformity. The porosity does not show regular trends but the permeability 
increases towards the top of the formation. 


5.11.5 CLASSIFICATION AND MATURITY OF THE SANDSTONE: 


Figure 5.11.1 provides the petrographic classification of the Khewra Sandstone 
from the Kalarawahan area after Pettijohn (1954). The figure shows that the Khewra 
Sandstone exposed at the Kalarawahan area is a graywacke as most of the points fall in 
the "D" area. The triangle displays that the matrix and quartz are the dominant factors in 
this classification. The third variable of the triangle including feldspars and rock 
fragments is not a very important factor and does not contribute much influence (Table 
SLL). 


Figure 5.11.2 provides the petrographic sub-classification of the Khewra 
Sandstone as a greywacke plotted after Gilbert et al, (1954). This figure shows that the 
Khewra Sandstone varies from lithic wackes to sub-felspathic lithic wackes, in further 
sub-classification, as most of the points lie in B and C areas of the triangle. The variables 
quartz and unstable fine grained rock fragments play an important part in this 
classification (Table 5.11.1). 


Figure 5.11.3 provides the textural and chemical maturity plot on a triangle with 
quartz, clay and feldspars as three variables (Table 5.11.1) after Selley (1976). Most of the 
points fall in area A, representing the area of quartz wackes. It is concluded that, 
according to Selley (1976), the Khewra Sandstone, can be classified as wackes. This 
indicates that these sandstones are matured moderately for their chemical maturity. 


Figure 5.11.4 displays the end member triangular classification of the Khewra 
Sandstone from Kalarawahan for maturity indices (Table 5.11.3) after Selley (1976}. The 
three variables are Mc (Chemical maturity), Mp (Physical maturity) and Mn (Net 
maturity) and were calculated according to the formulae provided by selley (1976). These 
variables are calculated from the percentage composition of matrix, stable grains and 
unstable grains, respectively. Figure 5.11.4 indicates that the samples of the Khewra 
Sandstone are chemically mature as the indices fall between 89.58% to 100% and display 
intermediate to low trends for physical maturity and high net maturity (Table 5.11.3). The 
lower physical maturity is most likely due to the diagenetic cementing materials. 


Figure 5.11.5 displays the end member triangle to illustrate the composition of 
the Khewra Sandstone from Kalarawahan area as a function of textural maturity 
expressed as matrix, and chemical maturity expressed as unstable grains (Selley, 1976). 
The triangle includes three variables (Table 5,i1.1) called as matrix, unstable grains and 
stable grains (after Selley, 1976). The triangle shows all points in a direction of 
increasing chemical maturity and, therefore, the Khewra Sandstone may be called a 
chemically matured sandstone. 
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5.11.6 DISCUSSION: 


The mineral composition, rock fragments and matrix (cementing material) after 
calculation were plotted on triangles given by Pettijohn (1954) and William et al,(1954}. 
Figures 5.11.1 and 5.11.2 provide these triangular plots for the classification of Khewra 
Sandstone from Kalarawahan area. According to the results, Khewra Sandstone is found 
to be a greywacke by Pettijohn (1954) and Lithic to subfelspathic lithic wacke by 
William et al, (1954). Tucker (1985) stated that the characteristic feature of greywackes 
is the fine grained matrix which displays an intergrowth of the chlorite, sericite and fine 
grains of quartz and feldspars. He stated that the greywackes are mostly Paleozoic and 
were associated with greenstones of eugeosynclinal fold belts. The fine matrix in the 
Khewra Sandstone is similar to the matrix stated by Tucker (1985) and may be called a 
graywacke, but the diagonetic contribution in these sandstones needs a thorough review 
of other workers observations. 


Selley (1985) stated that the greywackes are poorly sorted sandstones with 
abundant matrix, feldspar and or rock fragments. Selley (1976) stated that chemically 
immature wackes are the classic greywackes and defined them as texturally immature 
sand with more than 15% matrix. He further stated that the matrix is a microcrystalline 
paste of clay minerals, sericite, chlorite, carbonates and quartz. The grains of the 
greywackes are poorly sorted and are commonly angular, where quartz is overshadowed 
by an abundance of other detrital minerals. According to Selley (1976), micas are 
abundant and included both muscovite and biotite. He stated that the presence of 
authigenic minerals and the corrosion of detrital grains indicate that some of the matrix is 
diagenetic in origin. He further strengthened his point by stating that typical wackes are 
largely Precambrian and Paleozoic in age. Selley (1976) concluded that due to increasing 
transportation, the quartz wackes lose their clay content with the genesis of a rock type 
which is called sub-graywacke and may be found in both fluvial and deltaic facies. The 
Khewra Sandstone exposed at the Kalarawahan area represents a chemically mature 
sandstone and may be finally called as a quartz wacke of Selley (1976). 


The composition of the sandstones provides the idea about its chemical maturity, 
physical maturity and net maturity and, therefore, indicates the cycles of sedimentation. 
The chemically mature sediments are generally polycyclic in origin while chemically 
immature sands generally represent first cycle materials derived from igneous and high 
grade metamorphic rocks. 


The petrographic classification of the sandstones, according to Selley (1976), 
provides the idea about the nature of sandstone and displays that these sandstones are 
actually quartz wackes or lithic wackes( Fig 5M.3). The sandstones are chemically 
mature as the indices fall between 89 to 100% (Figure 5.11.4) and display intermediate to 
low trends for physical maturity and high net maturity. The intermediate to low trends for 
the physical maturity of the Khewra Sandstone are due to the presence of diagenetic 


cement found in the Khewra Sandstone after its deposition. The net maturities are the 
resultant maturities. It is, therefore, concluded that Khewra Sandstone was deposited as a 
chemically and physically mature sandstone. 


These sandstones are polycyclic (eroded sedimentary, sandstones) and were 
transported into the depositional basin after traveling reasonable distances through oxidizing 
conditions and were deposited into deltaic environment (Selley 1976). The red colour of the 
sandstone is due to coating of the iron oxide on the quartz grains which was partly due to 
oxidation on the continent and partly due to diagenetic solutions rich in the dissolved iron 
oxides. The sandstones occasionally display green colours as well as glauconitic materials. 
These indicate a wave dominated delta area (Selley, 1976). The sandstones also display 
greenish beds in field and stained red due to iron oxides. 


The presence of high amount of cementing material in the sandstone is due to the 
presence of diagenetic cement originated due to diagenetic solutions of iron oxides, 
carbonates, finely crystalline silica and some diagenetic clays such as sericite, chlorite and 
the mixed layer clay minerals. It is likely that originally the matrix in these sandstones was 
not as high as it is present now and is falsely represented as a graywacke in most of the 
samples. It is, therefore, concluded that petrographically these sandstones were partly 
greywackes of delta front environment and partly deltaic. * 


A quick review of the Pre-Cambrian deposits in Salt Range indicates that Pre- 
Cambrian rocks contain mostly evaporites, carbonates, sandstones , marls, shales and basalts. 
The Cambrian rocks mostly contain deltaic sandstones, turbidite type of facies, shoreline 
facies, intertidal facies and lagoonal facies. A review on the type of sediments and basin 
indicates that the Khewra Sandstone from Kalarawahan area was deposited in a basin 
resembling from epicratonic to miogeosyncline. 


5.11.7 SUMMARY AND CONCLUSIONS: 


i: The grains of Khewra Sandstone include mainly quartz grains with some feldspars 
and rock fragments. The cementing materials are carbonates, iron oxides and clay 
minerals with some silica. The cement is mainly of diagenetic origin. 


il. The Khewra Sandstone appears to be a graywacke on the triangular plot provided by 
Pettijohn (1954). 

ill. The petrography of the Khewra Sandstone on the triangular plot of William et al, 
(1954) indicates that these sandstones vary from lithic wackes to sub-felspathic lithic 
wackes. 

iv. The Khewra Sandstone may be classified as quartz wackes and as a chemically 


matured sandstone according to the classification provided by Selley (1976). 


V. The Khewra Sandstone was deposited as a polycyclic sedimentary material into the 
depositional basin. 


Vi. The depositional basin of the Khewra Sandstone may be classified as a basin from 
epicratonic to miogeosyncline. 
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Fig:Si.5 End member triangle illustrates the composition of the Khewra Sandstone from Kathawahan 
area is a function both of its textural maturi ty, expressed as matrix content, and of 
chemical maturity, expressed as unstable grains. (After, Selly 1976). 


TABLE 5.ii.1 THE TABLE PROVIDES THE PERCENTAGES OF INDIVIDUAL MINERALS OF 
THE KHEWRA SANDSTONE EXPOSED AT KALARAWAHAN AREA, 


IGNORING POROSITY 
Thin Section No. % of Quartz % of Matrix % of Feldspar 
KH-KHS- 

3/88 45 53 2 
4/88 36 62 2 
5/88 40 56 4 
6/88 38 59 3 
9/88 46 51 3 
10/88 52 46 2 
11/88 37 60 3 
12/88 55 4] 4 
13/88 43 52 = 
14/88 27 72 1 
15/88 53 45 2 
19/88 42 57 1 
20/88 72 25 3 
20/88 50 48 2 
21/88 44 55 1 
22/88 45 54 1 
24/88 30 69 1 
25/88 43 57 - 
26/88 20 79 1 
27/88 40 58 2 
28/88 38 60 2 
31/88 42 57 1 


TABLE 5.ii.1 THE TABLE SHOWS THE APPROXIMATE POROSITY OF THE 
KHEWRA SANDSTONE EXPOSED AT KALARAWAHAN 


Thin Section No. 
% of Quartz 


KH-KHS- 
3/88 4 
4/88 
5/88 25 
6/88 17 
9/88 8 
10/88 
11/88 9 
12/88 5 
13/88 20 
14/88 10 
15/88 
19/88 
20/88 6 
20/88 11 
21/88 3 
22/88 8 
24/88 12 
25/88 1 
26/88 1 
27/88 25 
28/88 
31/88 


TABLE 5.ii.3 THE TABLE SHOWS THE PHYSICAL, CHEMICAL AND NET MATURITIES OF 
THE KHEWRA SANDSTONE EXPOSED AT KALARAWAHAN AREA 


Thin Section No. % of Quartz % of Matrix % of Feldspar 
KH-KHS- 
3/88 45.92 95.74 70.83 
4/88 36.73 94.74. 65.74 
5/88 41.67 90.90 66.39 
6/88 39.18 92.68 65.93 
9/88 47.42 93.88 70.65 
10/88 53.06 96.30 74.68 
11/88 38.14 90.24 64.19 
12/88 57.29 93.22 75.26 
13/88 45.26 89.58 67.42 
14/88 27.27 96.43 61.85 
15/88 54.08 96.36 75.22 
19/88 42.42 97.67 70.05 
20/88 74.23 96 85.12 
20/88 51.02 96.15 73.59 
21/88 44.44 97.78 71.11 
22/88 45.45 97.83 71.64 
24/88 30.30 96.77 63.54 
25/88 43 100 71.50 
26/88 20.20 95.24 57.72 
27/88 40.82 95.24 68.03 
28/88 38.78 95 66.89 
31/88 42.42 97.67 70.05 


5.iii. THE SEDIMENTOLOGICAL STUDIES OF THE KHEWRA SANDSTONE 
EXPOSED AT KALARAWAHAN, CENTRAL SALT RANGE 


5.11.1 ABSTRACTS: 


The Khewra Sandstone exposed at the Kalarawahan was studied in field to 
understand the lithological variations from base to the top of the formation. The 
Sandstone can be divided into three units called as A, B and C from its base to its top 
respectively. About 35 samples were collected from the formation representing all 
lithological variations from base to the top for detail grain size analyses. The grain size 
analyses was carried out using sieving and hydrometer methods for analyzing the coarser 
and finer fractions, respectively. The grain size analyses shows that the Khewra 
Sandstone can be divided into four textural classes as sandstone, siltysand, sandysilt and 
siltstone. The silt and sandysilt dominates in the Khewra Sandstone and this sandstone 
should be called as Khewra Siltstone. The grain size analyses also shows that the Khewra 
Sandstone was deposited in a deltaic environment and its field units A, B and C represent 
the bottom-set, the fore-set and the top-set of a deltaic sequence, respectively. 


5.11.2 GEOLOGY OF KHEWRA SANDSTONE AT KALARAWAHAN 


The Khewra Sandstone exposed at the Kalarawahan is about 143.44m thick and 
can be divided into three units called as A, B and C respectively. The unit A consist of 
siltyshale to siltstone of purple red to dark brown in color intercalating lenticular 
carbonates. The unit A is 35.46 m thick. The unit A show thin beds of siltysand to 
sandysilt intercalating with shales. The unit B displays siltstones, medium to thick bedded 
with very thin clay/shale and sands. The frequency of the sandy beds increases towards 
the top of the unit with increasing grain size. The unit B is 67.61 m thick. The colour of 
the sand gradually changes from dark brown at the base to light brown at the top. The 
unit C is consist of thick to massive bedded sandstones in which grain size increases 
towards the top. The colour also changes from light brown to whitish toward the top. The 
sands are cross-bedded. The unit C is 40.37m thick in Kalarawahan area. Figure. 5.iii.1 
gives stratigraphic position of the samples with their respective lithologies. The Khewra 
Sandstone exposed at Kalarawahan area overlies the Salt Rang Formation of Pre- 
Cambrian age with slight disturbance and can be differentiated from the low lying Salt 
Range Formation due to its dark brown purple colour than the bright red colour of the 
Salt Range Formation. The Khewra Sandstone is also more silty than the gypseous marl 
of the Salt Range Formation. The Khewra Sandstone is unconformably overlain by the 
Tobra Formation of Permian age. A two meter thick bed of conglomerate marks the 
disconformity. The Khewra Sandstone has been assigned a Lower to Middle Cambrian 
age by Fatmi (1973) and Shah (1977). 


FIG, Heiitisi. LITHOLOGICAL LOG OF KHEWRA SANDSTONE EXPOSED AT 
KALARAWAHAN WITH ACTUAL PERCENTAGES OF SAND, SILT AND CLAY. 
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MATERIAL: 


About 35 samples were collected from the top to the base of the formation to 
represent all the variable lithologies in the three units of the Khewra Sandstone exposed at 
Kalarawahan area. Figure. 5.i1i.1 gives the field lithologies of the samples, their stratigraphic 
position above the base of the formation. This Figure also shows the lithologic log prepared 
for average percentage of the sand, silt and clay based on laboratory data. Figure 5.i11.1 
provides the stratigraphic position of the samples, their main lithologies and thickness of the 
major beds from the base of the formation. 


5.11.3 RESULTS 


Table, 5.11.2 gives the grain size analyses data and textural classification of 
individual samples of Khewra Sandstone exposed at Kalarawahan for unit A, B, and C 
according to Folks (1954). The textural classification of the individual sample shows that 
Khewra Sandstone varies from sandysilt to siltstone and occasionally sandstone. Appendices 
1-35 provides the grain size analyses data for all the individual samples. Figure. 5.11.2 (a) & 
(b) provides the histograms and cumulative frequency curves for all the individual samples of 
unit A according to appendices 1-14. The histograms are asymmetrical and unimodel. Silt 
appears to be the dominance class in all the samples of unit A followed by very fine sand and 
minor clay. Most of the histograms resemble each other indicating similarity in the process of 
depositional medium. Selley (1976) provided the histograms plotted for the weight 
percentages against the grain size in Phi-units for the sediments from different environments. 
The present work shows the histograms as a combination of the channel, beach and delta 
front type of environment as compared to the histograms prepared by Selley (1976). The 
cumulative frequency curves are given in Fig. 5.i11.1 (b) for the unit A. The cumulative 
frequency curves indicate a steep gradient for the better sorting of the sandstone and 
similarity in the depositional medium for unit A. Fig. 5.iii.3 (a) & (b) displays the histograms 
and cumulative frequency curves prepared from the grain size analyses data of the unit B 
(appendices 15-28). The histograms are asymmetrical and appear to gain their shape from the 
channel type of detritus and beach to delta front type of environments. The silt is again the 
dominant size fraction (Table. 5.11.2) followed by very fine sand and with minor clay. The 
cumulative frequency curves of all the samples in unit B resemble to each other and appear to 
be steep indicating similar type of depositional medium and better sorting respectively. The 
cumulative frequency curves prepared for 13 samples of unit B resemble to the cumulative 
frequency curve for channel sands provided by Selley (1976). It is likely that the histograms 
and cumulative frequency curves of the unit B reflects the depositional environments 
influenced by river detritus, beach detritus and delta front detritus. Fig. 5.111.4 provides (a) 
histograms (b) cumulative frequency curves for the samples of unit C, respectively. The 
histograms are asymmetrical and unimodel with the exception of the two histograms giving 
biomodel distribution. The bimodel distribution for the samples KN-KHS-33/88 and KN- 
KHS-34/88 are influenced by the sedimentation processes of channel type detritus and beach 
type material. Similarly, other five histograms representing unimodel distribution are 
influenced by channel and beach type of the material. It is interesting to note that in some 
samples channel type material dominates while in other beach type detritus influenced the 
shape of the histograms. Similarly, the cumulative frequency curves resemble to each other 
in shape and appeared to be similar to the cumulative frequency curves of river type and 
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beach type material produced by Selley (1976). The unit C shows the dominance of the 
sand in five samples and sandy silt in two samples (Table. 5.i11.2). It is likely that the unit 
C was deposited by detritus of channel type of transported material and subordinating 
beach type of deposits. 


Fig. 5.111.5A gives the frequency curves of the weight percentages plotted against 
the grain sizes (phi-unit) for the individual samples of unit A. The curve show a positive 
skewness and leptokurtic to platykurtic nature. It is likely that the sediments of unit A 
were deposited in to low energy water conditions, probably delta front conditions. 


Fig. 5.111.5B shows the frequency curve of the weight percentages plotted against 
the grain size (phi-unit) for the samples of unit B. The frequency curves are similar to 
each other with the exception of a few indicating the similar depositional environments. 
The nature of the curves appears to be positively skewed and leptokurtic to platy kurtic in 
nature. It is likely that the curves are influenced due to depositional environments of 
channel type detritus and delta front material. 


Fig. 5.111.5C gives the plot of weight percentage against grain sizes (phi-unit) in 
form of frequency curves for all the individual samples of unit C. The frequency curves 
prepared for samples KN-KHS-33/88 and KN-KHS-34/88 show positive skewness and 
bimodel distribution. This indicates the repeating influence of the channel and beach type 
materials in an alternating fashion with the exception of top samples. It is concluded that 
the frequency curves for unit A, B and C represent the shallowing up of the depositional 
basin from comparatively low energy environments to high energy environments. It 
reflects that the environments varied from delta front to deltaic and beach type of 
environments during the deposition of Khewra Sandstone at Kalarawahan. Figure 5.11.6 
displays the textural classes of unit A represented by histograms (a) and by cumulative 
frequency curves (b). The histogram prepared for six samples of sandysilt show 
dominance of silt freaction (70.12%) followed by the sand (24.24%) and minor clay 
which is 4.92% (Table 5.11.4). Similarly, the histogram of siltstone prepared for 8 
samples shows again the dominance of silt which is 77.7% followed by sand (17.04%) 
and minor clay which is 4.6% (Table 5.11.4). The two textural classes observed as 
sandysilt and siltstone display unimodel distribution. The cumulative frequency curves 
are moderately steep and represent moderate sorting of sandysilt and silt textural classes. 
Figure 5.ii1.7 shows the frequency curve plotted as weight percentages against grain sizes 
(phi-unit) of the sandysilt and siltstone classes (Table 5.11i1.2). The frequency curves 
display positive skewness, asymmetrical and leptokurtic to platykurtic nature. This 
indicates the uniformity of the depositional medium during the unit A. Figure. 5.111.8 
shows the histograms and cumulative frequency curve for the two textural classes termed 
as sandysilt and siltstone for unit B. The histogram for the sandysilt is unimodel with 
dominant silt (67.79%) followed by sand (24.87%) and clay which is 6.99% (Table 
5.i11.4). The histogram for five samples of siltstone shows the dominance of silt (78.16%) 
followed by sand (15.39) and with minor clay which is a 5.8% (Table. 5.111.4).The 
histograms of the two textural classes are unimodel and cummulative frequency curves 
are moderately steep indicating a moderate sorting and similarity of the depositional medium. 
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Figure 5.11.9 displays the frequency curves for the textural classes of sandysilt and 
siltstone of unit B. The curves are platykurtic and partly leptokurtic in nature and 
display positive skewness. This indicates the uniformity in the process of deposition and 
the depositional medium. Fig. 5.111.10 provides the histograms (a) and cummulative 
frequency curves (b) for the three textual classes of unit C called as sandstone (one 
sample), siltysand (4 samples) and sandysilt (2 samples), respectively. The histogram for 
the sandstone and siltysand show bimodel distribution while the histogram for the 
sandysilt display a unimodel distribution indicating a difference in the process of 
deposition of sandstone, siltysand the sandysilt. The histogram of sandstone show 
dominance of sand (89.06 %) followed by silt (9.34%) and minor clay (0.97%). The 
siltysand is dominated by sand (65.67%), silt (29.61%) and clay which 1s (4.21%), 
respectively (Table 5.111.4). The sandysilt is represented by two samples and consists of 
about 60.17% silt, 31.34 % sand and clay is only 7.88% (Table 5.ii1.4). The histogram 
shows that the medium of deposition or the energy of the depositional medium for the 
deposition of sand and siltysand was higher than the deposition of sandysilt. The 
depositional energy probably varied from channel type of medium to beach type of 
depositional environment. The cummulative frequency curves of the three textural classes 
named as sandstone, siltysand and sandysilt are moderately steep and therefore display 
moderate sorting. Figure. 5.iii.11 shows the frequency curves for average weight 
percentages plotted against grain sizes in Phi-Unit for the textural classes of unit C 
determined as sandstone, siltysand and sandysilt, respectively. The curves for the 
sandstones and siltysand are bimodel, asymmetrical and indicate a high energy of 
depositional medium in the sandstone as compared to sandysilt. The curve for sandysilt is 
asymmetrical and positively skewed indicating a depositional medium of comparatively 
low energy than the sandstone and siltysand of unit C. Figure. 5.iij.12 gives the 
higstograms (a) and the cummulative frequency curves (b) for the all samples of Khewra 
Sandstone exposed at Kalaeawahan, contributing to the four textural classes termed as 
sandwtune, siltysand, sandysilt and siltstone, respectively. Table. 5.i11.5 gives the weight 
percentages of four textural classes and their average statistical parameters. The 
histograms are unimodel for the textural classes of sandysilt and siltstone while they 
represent bimodel distribution for the sandstone and silty sand textural classes. This 
indicates comparatively different conditions of energy during the deposition of sandstone 
and siltysand than the sandysilt and siltstones. The cummulative frequency curves for the 
sandstone and siltysand are very similar to the cummulative frequency curves given by 
Selley (1976) for the river deposits. It is most likely probable that the sandstones and 
siltysand were deposited due to transported material through rivers into the delta. The 
shape of the curve is reasonably steep indicating a moderate sorting. The cummulative 
frequency curves for sandvsilt and siltstones are fairly steep and display a better sorting. 
Figure. 5.111.13 provides the frequency curves plotted for weight percentages against grain 
sizes in Phi- Unit. The curves are positively skewed, asymmetrical and leptokurtic to 
platykurtic in nature. The frequency curves for the textural classes sandstone and 
siltysand are very similar but the curves for sandysilt and siltstones show slight 
differences in their shape indicating different conditions of deposition. 


Table. 5.111.3 gives the summary statistics for the grain size (Phi-Units) of graphic 
mean size (MO, graphic standard deviation (6G), graphic skewness (SKG), graphic 
kurtosis (KG), median diameter (M) and coarsest one percentile (C) of the samples of the 
Khewra Sandstone from Kalarawahan. The four statistical parameters named as graphic 
mean size (Mz), graphic standard deviation (6G), graphic skewness (SKG), and graphic 
kurtosis (KG) were plotted as scattered diagrams according to K.A. Bakri and Al- 
Ghadban (1984). 


The six combination of these parameters were plotted to evalute their inter 
relationship and their effectiveness in differentiating between the sedimentological 
behavior of various textural classes. Fig.5.111.14-1A gives a plot of the graphic mean size 
(Mz) against graphic standard deviation and gives a positive correlation indicating that 
the mean size is directly proportional to the standard deviation. The two textural class 
sandysilt and siltstone forms clusters together. Some points away from the cluster can be 
seen for the sand samples and indicate a variation in the energy of deposition. Figure. 
5.ii1. 14-1B gives the plot of graphic mean size (Mz) against graphic skewness (SKG) and 
represent similar observations as in Figure. 5.i11.14-1B. Figure. 5.111.14-1C provides the 
plot of graphic mean size against graphic kurtosis (KG). It shows that most of the points 
form a cluster with the exception of - a few points for the sandy fraction and reflects the 
variations in the depositional energy. Fig. 5.i11.14-2D shows the plot of graphic standard 
deviation (6G) against graphic skewness. The most of the points for the siltstone and 
sandysilt textural classes lie together with the exception of a few for the sandy material. 
Figure. 5.ii1.14-2E shows the scatter plot of graphic kurtosis (KG) against graphic 
skewness (SKG). The plot display that most of the points form one cluster with he 
exception of sandy material indicating a variation in the depositional energy of the cluster 
and isolated points. The Figure. 5.111.14-2F shows the plot of graphic standard deviation 
(6G) against graphic kurtosis (KG}. The plot display a positive correlation between the 
both variable. 


Table. 5.111.4 gives the summary statistics of average grain size parameters of 
mean size fractions of unit A, B and C for the textural classes of Khewra Sandstone 
exposed at Kalarawahan. The sandysilt of unit A includes dominantly silt (70.12%) 
followed by sand (24.24%) and minor clay (4.92%). The siltstone consists of mainly silt 
(77.70%) followed by sand (17.04%) and clay 4.6%. The unit B also displays two 
textural classes called as sandysilt and siltstone. The sandysilt (10 samples} show 67.59% 
silt, 24.87% sand and 6.99 % of clay. The siltstone (4 samples) consist of 78.16% silt, 
15.39% sand and 5.80% clay. The unit C consist of three textural class called as 
sandstone (2 samples), siltysand (3 samples), sandy silt (2 samples). The sandstone 
includes 89.06% sand, 9.34% silt and minor clay which is 0.97%. The siltysand consists 
of 65.67% of sand, 29.61% silt and 4.21% clay. The sandysilt is dominated by silt 
(60.17%), sand (31.34%) and minor clay (7.88%). 
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5.11.4 DISCUSSION: 


The grain size analyses of the Khewra Sandstone exposed at Kalarawahan area 
verifies the field observations that the grain size increases towards the top of the 
formation. The formation shows thinly bedded siltstones and silty shales at its base (unit 
A), medium to thick bedded siltstones to sandy siltstone in the middle part (Unit B) and 
fine grained sandstone to sandy siltstone which are massive bedded in the upper part (unit 
C). The coarsening upward sequence is generally found in channels and shoreline sand 
deposits and in deltaic sandstones. Van straaten (1959) defined the sedimentary 
environments and stated that the fluviomarine deposits are generally characterized by a 
distinct gradation from sandy or silty composition to pure clays. Scrutton (1964) studied 
the Mississippi delta in detail and distinguished silty sand and prodelta silty clay and 
offshore clays. Van straaten (1959) stated that the fluviomarine deposits of the Grand 
Rhon river are generally sandy in composition and contain in their proximal part of delta 
abundant layers and laminee of sand and silty sand. Both these coarse grained layers and 
intercalated layers of fine material decreases in thickness towards the deep water. The 
decrease in thickness is accompanied by diminishing of the maximum and average grain 
size of the sand, Rainwater (1976) pointed out that the thickness and vertical sequence of 
sediment indicate their depositional environments. Similarly lateral sequence of 
sediments helps to understand the sedimentary sequences. He also mentioned that diapiric 
structures such as salt domes, salt ridges and shale ridges are created due to rapid 
sedimentation in deltaic depocentres during the delta building. Fisk (1954) gave the 
details of the sedimentary framework of Mississippi delta and stated that the grain size 
increases towards the top of the deltaic deposits. Kruite (1955) investigated the sediment 
of Rhon delta and concluded that the grain size increases towards the top of the 
sedimentary deltaic sequence. The detail studies about the grain size variations 
in the Khewra Sandstone display that the Khewra Sandstone exposed at 
Kalarawahan is consist of four textural classes called as sandstone, siltysand, 
sandysilt and siltstone. The silt is dominant at the base while the sandysilt, silty 
sand and sand occur towards the top of the Khewra Sandstone and therefore 
indicate a coarsening upward sequence. Figures. 5.111.2, 5.i11.3, 5.111.4, 5.111.6, 
5.111.8 and 5.111.10 5.111.12 display histograms and cummulative frequency curves 
for the individual samples, for individual units and Khewra Sandstone as a 
formation, respectively. The histograms are generally unimodel and display 
major contribution due to sandysilt and siltstone in unit A and B and due to sand 
and siltysand in unit C, respectively. The steepness of cummulative frequency 
curves shows that the Khewra Sandstone exposed at Kalarawahan is moderately 
sorted. Figures. 5.111.5A, 5.i11.5B, 5.111.5C, 5.111.7, 5.M.9, 5.iii.11 and 5.111.13 
provides the frequency curves for individual samples, for individual units and for 
Kbewra Sandstone as a formation, respectively. The frequency curves indicate 
that they are positively skewed, asymmetrical and generally platykurtic to 
leptokurtic in nature. This indicates the uniformity of depositional medium with 
the exception of the top samples for the sand and siltysand. The scattered plots 
prepared for four statistical parameters in six combinations (Fig. 5.iii.14) show 
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that most of the points for sandysilt and silt lie in a cluster showing the uniformity of the 
depositional medium, but the points in the scatter plots for sands are comparatively 
isolated and fall away from the cluster and therefore display a difference in the energy of 
depositional medium. It is probable that the energy of depositional medium for the sand 
and silty sand was comparatively higher than the energy for the deposition of sandysilt 
and siltstone respectively. This shows that the Khewra Sandstone exposed at 
Kalarawahan was deposited in deltaic sequence. The lower unit or unit A represents a 
delta front environment, the middle unit or unit B shows a pro delta or delta slope while 
Unit C or top unit represents the delta platform deposits, brought by the rivers into the 
sea.Selley (1976) gave the plots of cummulative weight percentages against the grain 
sizes to determine the sorting of the sediment from different environments.He plotted 
cummulative weight percentages against grain size for dune sand (A), glacial till(B), 
pelagic mud (C), beach sand(d) and river sand (E) respectively. Figure 5.i11.15-B taken 
from Selley (1976) compares the cummulative weight percentages for the present work 
with Selley (|976).The figure shows that the plots of present work resemble to the plot 
"D" and "E" of Selley (1976) for unit A, B, and C respectively. The plot for unit A 
and B form more or less the same trend and resemble the plot "D" of Selley (1976) for 
the beach sand deposits. The plot "C" resembles the plot "E" of Selley (1976) for river 
sand, This confirms that the Khewra Sandstone was deposited due to detritus material 
transported through rivers into the oceans. Figure 5.i11.16. compares the histograms for 
dune sand (A) glacial till (B), pelagic mud (C), beach sand (D) and river sand (E) plotted 
by Selley (1976) for various environments. The most of the histograms for the present 
work resemble the histograms marked as E for the river sand by Selley (1976). It 
concluded that Khewra Sandstone was brought as a detritus material by the Cambrian 
river into shore area forming a broad delta. Figure 5.iii.17B display the C-M diagram of 
the Passega (1957, 1964) given by Selley (1976) for differentiating various sedimentary 
processes. The points plotted for the all individual samples of Kalarawahan area do not 
resemble with plots of various sedimentary environments of Passega (1957, 1964) given 
by Selley (1976) and no result can be inferred from these plots. 
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5.11.5 SUMMARY AND CONCLUSION 


ij The khewra Sandstone exposed at Kalarawahan can be texturally divided into 
four textural classes named as sandstone, siltysand, sandysilt and siltstone, respectively. 
The silt dominates in the Kalarawahan area in the Khewra Sandstone and is about 
77.93%. On the basis of textural classification the Khewra Sandstone should be called as 
Khewra siltstone. 


il, The Khewra Sandstone exposed at Kalarawahan area display coarsening upward 
sequence from base to the top. The textural classification, the cummulative frequency 
curves, frequency curves, C-M diagram, comparative studies of histograms and scattered 
plots show that the Khewra Sandstone was deposited in deltaic conditions. The unit A 
represents most likely delta front or bottom-set deposits of a delta, unit B displays the 
prodelta or fore-set delta deposits and unit C shows the top-set delta sediments. 


lil. The delta was a wave dominated as the glauconitic material can be observed in 
the middle and lower units of the Khewra Sandstone exposed at Kalarawahan. 
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{1957; 1944). 


TABLE: 5.iii.1. STRATIGRAPHIC POSITION OF THE SAMPLES OBTAINED FROM 
KHEWRA SANDSTONE EXPOSED AT KALARAHAN 
MAJOR BED Stratigraphic Position 
wane ncn n cece nennone of Samples Above 
SAMPLE NO MAIN LITHOLOGY Se Nei Thiekiess Have mai REMARKS 
Sandstone 
UNIT-A 
KN-KHS-1/88 Gypseous Marl - - Just below the base of | Sample is taken from 
Khewra Sandstone. the upper part of Salt 
Range Formation. 
Part of salt 
KN-KHS-2/88 Siltstone 1 400cm 1.0cm above the base. Sample taken from the 
base of Khewra 
Sandstone. 
KN-KHS-3/88 Siltstone to fine 2 116cm 516cm 
sandstone. 
KN-KHS-4/88 Siltstone and silty 3 320cm 836cm 
shale 
KN-KHS-5/88 Siltstone 6 160cm 116cm 
KN-KHS-6/88 Fine sandstone to 7 90cm 1206cm 
marl. 
KN-KHS-7/88 Silty shale 10 20cm 1381cm 
KN-KHS-8/88 Silty shale 13 28cm 1671cm 
KN-KHS-9/88 Fine Sandstone 14 15cm 1686cm Cross bedding and 
lenticular bedding 
obvious. 
KN-KHS-10/88 Siltstone to fine 20 90cm 2346cm 
sandstone and shale 
KN-KHS-11/88 Siltstone and shale 22 100cm 2532cm 
KN-KHS-12/88 Calcareous sandstone 26 105cm 3048cm 
KN-KHS-13/88 Fine sandstone to 27 120cm 3048cm 
siltstone 
KN-KHS-14/88 Shale 30 168cm 3546cm 
UNIT -B 
KN-KHS-15/88 Sandstone 31 180cm 3726cm 
KN-KHS-16/88 Sandstone and shale 34 148cm 3984cm 
KN-KHS-17/88 Marly sandstone 35 50cm 4034cm 
KN-KHS-18/88 Fine sandstone and 37 130cm 4364cm 
shale 
KN-KHS-19/88 Sandstone 40 203cm- 4837cm 


KN-KHS-20/88 
KN-KHS-21/88 


KN-KHS-22/88 
KN-KHS-23/88 
KN-KHS-24/88 
KN-KHS-25/88 
KN-KHS-26/88 
KN-KHS-27/88 


KN-KHS-28/88 


UNIT —C 


KN-KHS-29/88 
KN-KHS-30/88 
KN-KHS-3 1/88 
KN-KHS-32/88 
KN-KHS-33/88 


KN-KHS-34/88 


KN-KHS-35/88 


Sandstone 


Siltstone to fine 
sandstone and shale 


Sandstone 
Sandstone 
Sandstone 
Sandstone 
Sandstone 
Sandstone 


Sandstone 


Sandstone 

Sandstone 

Sandstone 

Sandstone 
Conglomeratic 
sandstone 
Conglomeratic 
sandstone 

Siltstone to Silty 
dolomite to dolomitic 


siltstone to silty shale. 


44 
47 


51 
57 
62 
66 
68 
69 


71 


72 
74 
75 
76 
77 


78 


5439cm 
6217cm 


6984cm 
7848cm 
8551cm 
8971cm 
9407cm 
9977cm 


1030cm 


10919cm 
12269cm 
13369cm 
14169cm 
14319cm 


14344cm 


Just above the top of 
Khewra Sandstone 


Cross bedding in the 
upper part. 


TABLE: 5.iii.2. SEDIMENTOLOGICAL ANALYSES OF THE KHEWRA SANDSTONE 


EXPOSED AT KALARAHAN 
SAND SILT 
Sample No. V.Coarse Coarse Medium Fine V.Fine Coarse Medium Fine  V. CLAY 
Fine 
UNIT A 
KN-KHS-1/88 28.03 34.15 19.20 7.20 5.60 5.19 Sandysilt 
KN-KHS-2/88 18.04 40.96 16.57 10.63 7A9 6.09 — Siltstone 
KN-KHS-3/88 17.05 34.81 23.95 12.59 5.92 5.18  Siltstone 
KN-KHS-4/88 20.08 34.14 17.84 15.66 6.11 5.34 — Siltstone 
KN-KHS-5/88 16.49 43.50 17.22 8.45 7.51 6.09 — Siltstone 
KN-KHS-6/88 10.82 40.63 30.19 10.57 4.65 2.53 Siltstone 
KN-KHS-7/88 20.64 34.03 23.00 12.22 5.74 3.59 — Siltstone 
KN-KHS-8/88 22.13 43.27 18.87 6.37 4.87 3.90 Sandysilt 
KN-KHS-9/88 17.18 57.00 9.58 5.29 5.25 4.59  Siltstone 
KN-KHS-10/88 26.15 40.41 14.97 7.83 5.22 4.70 Sandysilt 
KN-KHS-11/88 27.02 30.56 19.31 9.51 6.91 6.05 Sandysilt 
KN-KHS-12/88 14.40 52.24 11.59 7.45 7.45 6.20 — Siltstone 
KN-KHS- 13/88 21.12 31.79 25.38 13.22 4.00 3.20 — Siltstone 
KN-KHS-14/88 22.05 35.48 21.49 10.74 5.36 4.38 Sandysilt 
UNIT B 
KN-KHS-15/88 26.26 39.54 14.07 8.12 6.49 5.68 Sandysilt 
KN-KHS-16/88 26.35 30.15 19.84 11.30 6.23 5.45 Sandysilt 
KN-KHS-17/88 21.95 31.14 16.43 11.67 = 10.37 7.77 Sandysilt 
KN-KHS-18/88 12.19 1.58 14.89 6.87 4.29 3.43 Siltstone 
KN-KHS-19/88 19.15 29.33 19.38 14.14 10.21 7.06 Sandysilt 
KN-KHS-20/88 21.18 34.53 17.70 11.29 9.29 5.30 Sandysilt 
KN-KHS-21/88 23.07 29.89 20.89 13.48 6.92 5.09 Sandysilt 
KN-KHS-22/88 13.16 35.01 21.39 13.86 8.74 7.29 — Siltstone 
KN-KHS-23/88 24.72 29.50 14.77 11.91 10.20 8.50  Sandysilt 
KN-KHS-24/88 22.04 28.98 17.47 11.50 10.00 9.50 Sandysilt 
KN-KHS-25/88 16.35 38.82 23.92 10.15 5.41 4.73  Siltstone 
KN-KHS-26/88 13.88 33.82 22.70 = 12.77 8.51 7.80  Siltstone 
KN-KHS-27/88 25.19 25.73 15.68 12.06 10.85 9.66  Sandysilt 
KN-KHS-28/88 38.80 28.91 10.91 8.19 7.02 5.85 Sandysilt 
UNIT C 
KN-KHS-29/88 32.25 24.15 13.66 10.25 10.25 8.19 Sandysilt 
KN-KHS-30/88 62.07 12.94 7.23 6.23 5.86  6.094.96  Siltysand 
KN-KHS-3 1/88 30.44 26.20 14.70 12.40 8.26 7.57 Sandysilt 
KN-KHS-32/88 67.56 9.84 6.71 6.04 5.37 4.02 Siltysand 
KN-KHS-33/88 1.44 24.52 48.95 5.51 9.60 3.04 2.34 2.07 1.24 0.83 Sandstone 
KN-KHS-34/88 1.11 18.38 45.84 5.50 17.31 3.14 274. 2.22 191 1.11 Sandstone 
KN-KHS-35/88 33.60 16.12 17.67 11.06 7.36 5:53: 4.58 3.66 Siltysand 


TABLE: 5.11.3. SUMMARY STATISTICS OF GRAIN SIZE PARAMETERS OF KHEWRA 
SANDSTONE EXPOSED AT KALARAHAN 


Sample No. MEAN SIZE GRAPHIC GRAPHIC GRAPHIC MEDIAN (M) COARSET ONE 
KH-KHS- (Mz) STANDARD SKEWNESS — KURTOSIS DIAMETER (C) PERCENTILE 
DEVIATION _ (SKG) (KG) (UNIT) (UNIT) 
(6g) 

1/88 4.20 1.37 0.2 1.28 6.00 1.55 
2/88 4.26 0.97 0.02 1.11 6.00 1.75 
3/88 461 1.32 0.24 1.21 6.00 1.45 
4/88 4.53 1.56 0.20 1.00 6.00 1.45 
5/88 4.65 1.45 0.4 1.28 6.00 1.60 
6/88 4.61 1.00 0.25 1.32 6.00 1.72 
7/88 4.51 13 0.19 1.07 6.00 14 
8/88 461 0.65 0.07 1.41 6.00 1.35 
9/88 431 1.04 0.37 1.32 6.00 1.40 
10/88 43 1.35 0.22 1.27 6.00 13 
11/88 4.49 1.6 0.2 1.11 6.00 13 
12/88 4.66 1.4 0.5 1.30 6.00 1.55 
13/88 4.48 1.32 0.20 1.12 6.00 1.38 
14/88 45 14 0.21 1.16 6.00 14 
15/88 4.34 1.46 0.24 1.28 6.00 13 
16/88 4.47 1.54 0.19 1.11 6.00 13 
17/88 4.76 1.74 0.31 0.93 6.00 1.52 
18/88 4.28 1.04 0.22 1.66 6.00 1.49 
19/88 48 1.65 0.27 0.95 6.00 1.48 
20/88 5.15 2.12 0.30 1.01 6.00 1.4 
21/88 4.58 1.52 0.18 1.05 6.00 1.35 
22/88 491 1.5 0.36 1.07 6.00 1.6 
23/88 4.81 1.75 0.4 0.89 6.00 13 
24/88 4.86 1.0 0.30 0.94 6.00 1.35 
25/88 4.61 1.22 0.26 1.32 6.00 1.9 
26/88 4.91 1.47 0.32 1.10 6.000 1.55 
27/88 4.83 1.87 0.31 0.85 6.00 13 
28/88 4.17 1.63 0.25 1.08 6.00 11 
29/88 4.63 1.97 0.29 0.85 6.00 1.15 
30/88 3.71 1.72 0.44 1.22 6.00 0.9 
31/88 4.55 1.0 0.25 0.94 6.00 1.39 
32/88 3.88 1.15 0.95 1.30 4.00 1.12 
33/88 2.38 1.27 0.45 2.21 4.00 0.5 
34/88 1.61 1.37 0.45 1.07 5.00 0.25 
35/88 2.85 1.87 0.28 0.81 1. 


TABLE: 5.iii.4. SUMMARY STATISTICS OF AVERAGE GRAIN-SIZE PARAMETERS AND WEIGHT PERCENTAGE 
OF MAIN SIZE FRACTIONS OF VARIOUS TEXTURAL CLASSES OF KHEWRA SANDSTONE 
EXPOSED AT KALARAWAHAN (Unit A,B & C.) 
SIZE PARAMETERS WEIGHT % OF SIZE CLASSES 
UNIT TEXTURAL CLASSES (Mz) (6G) (SKG) (KG) SAND SILT CLAY 
A Sandy Silt (n=6) 4.45 1.32 1.20 0.35 24.24 70.12 4.92 
Siltstone (n=8) 451 1.22 1.34 0.27 17.04 77.7 4.60 
B Sandy Silt (n=10) 4.67 1.70 1.00 0.27 24.87 67.59 6.99 
Siltstone (n=4) 4.67 1.30 1.28 0.29 15.39 78.16 5.81 
Cc Sandy Silt (n=2) 1.99 1.32 1.64 0.45 89.06 9.34 0.97 
Siltstone (n=3) 4.01 1.88 0.69 0.27 65.67 29.61 4.21 
Sandy Silt (n=2) 3.79 1.43 1.26 0.69 31.34 60.17 7.88 
TABLE: 5.iii.5. SUMMARY STATISTICS OF AVERAGE GRAIN-SIZE PARAMETERS AND WEIGHT PERCENTAGE 
OF MAIN SIZE FRACTIONS OF VARIOUS TEXTURAL CLASSES OF KHEWRA SANDSTONE 
EXPOSED AT KALARAWAHAN 
SIZE PARAMETERS WEIGHT % OF SIZE CLASSES 
TEXTURAL CLASSES (Mz) (6G) (SKG) (KG) SAND SILT CLAY 
Sandy Silt (n=2 1.99 1.32 1.64 0.45 89.06 9.34 0.97 
Siltstone (n=3 4.01 1.88 1.88 0.27 65.67 29.61 4.21 
Sandy Silt (n=18 4.30 1.48 1.48 0.43 26.81 65.96 6.59 
Siltstone (n=12) 4.59 1.26 1.26 0.28 16.21 77.93 5.20 
Index:C | Mz =Graphic Mean Size 
6G = Graphic Standard Deviation 
SKG = Graphic Kurtosis 
KG =Number of Samples 
TABLE: 5.iii.6. GRAIN SIZE DATA OF KHEWRA SANDSTONE EXPOSED AT KALARAWAHAN BY WEIGHT 
PERCENTAGE AND CUMMULATIVE PERCENTAGE. 
UNIT — A UNIT - B UNIT - C 
MAIN GRAIN WEIGHT CUMMULATIVE WEIGHT CUMMUMATIVE WEIGHT CUMMULATIVE 
FRACTIO SIZE % % % % 0%, % 
N 
SAND Very Coarse 0.00 0.00 0.00 0.00 0.36 0.36 
Coarse 0.00 0.00 0.00 0.00 6.12 6.48 
Medium 0.00 0.00 0.00 0.00 18.34 24.82 
Fine 0.00 0.00 0.00 0.00 3.89 28.71 
V. Fine 20.12 20.12 22.16 33.84 62.55 
SILT Coarse 39.52 59.64 33.35 55.51 12.98 75.53 
Medium 19.22 78.86 17.87 73.38 7.82 83.35 
Fine 9.83 88.69 11.21 84.59 6.40 89.75 
Very Fine 5.92 94.61 8.17 92.76 5.35 95.1 
Clay Clay 4.78 99.39 6.65 99.41 4.33 99.43 
Total 99.39 99.41 99.43 


GRAIN SIZE ANALYSIS 
(Appendices. 5 iii, 1-35) 


1. SAMPLE NO. KN-KHS-1/88 
2. LOCATION OF SAMPLE KALARWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS — 100gms. 


Sr. Particle Size Particle Size Class Mid Weight Weight % Cumulative Method of 
No. (mm) (microns) Interval point (grams) age Weight % Analysis 
(2) (@) age 

1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 

3; 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 

5; 0.125-0625 125-63 3-4 325 28.03 28.03 28.03 — Sieving 

6. 0.0625-0.0312 63-31.5 4-5 4.5 34.15 34.15 62.18 Hydrometer 
7 0.0312-0.0156 31.5-15.6 5-6 5.5 19.20 19.20 81.38 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 7.20 7.20 88.58 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 TS 5.60 5.60 94.18 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 5.19 5.19 99.37 Hydrometer 

Appendix-2 


GRAIN SIZE ANALYSIS 


1. SAMPLE NO. KN-KHS -2/88 
2. LOCATION OF SAMPLE KALARWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS — 100gms. 


Sr. Particle Size Particle Size Class Mid Weight Weight % Cumulative Method of 
No. (mm) (microns) Interval point (grams) age Weight % Analysis 
(@) () age 

Ly 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 

2: 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 

3 0.5-0.25 500-250 1-2 1.5 - - - Sieving 

4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 

By 0.125-0625 125-63 3-4 3.5 18.04 18.04 18.04 — Sieving 

6. 0.0625-0.0312 63-31.5 4-5 4.5 40.96 40.96 59.00 Hydrometer 
7s 0.0312-0.0156 31.5-15.6 5-6 5.5 16.57 16.57 75.57 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 10.63 10.63 86.2 Hydrometer 
9; 0.0078-0.0039 7.8-3.9 7-8 7.5 7.49 7.49 98.69 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 6.09 6.09 99.78 Hydrometer 


Appendix-3 


GRAIN SIZE ANALYSIS 

1. SAMPLE NO. KN-KHS -3/88 

2. LOCATION OF SAMPLE KALARWAHAN AREA 

3. WEIGHT OF SAMPLE BEFORE ANALYSIS — 100gms. 

Sr. Particle Size Particle Size Class Mid Weight Weight % Cumulative Method of 

No. (mm) (microns) Interval point (grams) age Weight % Analysis 
(@) () age 

1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 

2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 

3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 

4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 

2s 0.125-0625 125-63 3-4 3.5 17.05 17.05 17.05 Sieving 

6. 0.0625-0.0312 63-31.5 4-5 4.5 34.81 34.81 51.86 Hydrometer 

ae 0.0312-0.0156 31.5-15.6 5-6 5.5 23.95 23.95 75.81 Hydrometer 

8. 0.0156-0.0078 15.6-7.8 6-7 6.5 12.59 12.59 88.4 Hydrometer 

9, 0.0078-0.0039 7.8-3.9 7-8 TS 5.92 5.92 94.32 Hydrometer 

10. <0.0039 <3.9 8-9 8.5 5.18 5.18 99.5 Hydrometer 

Appendix-4 

GRAIN SIZE ANALYSIS 

1. SAMPLE NO. KN-KHS-4/88 

2. LOCATION OF SAMPLE KALARWAHAN AREA 

3. WEIGHT OF SAMPLE BEFORE ANALYSIS  100gms. 

Sr. Particle Size Particle Size Class Mid Weight Weight % Cumulative Method of 

No. (mm) (microns) Interval point (grams) age Weight % age Analysis 
(9) (9) 

1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 

2; 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 

3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 

4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 

5: 0.125-0625 125-63 3-4 3.5 20.08 20.08 20.08  Sieving 

6. 0.0625-0.0312 63-31.5 4-5 4.5 34.14 34.14 4.22 Hydrometer 

Ti 0.0312-0.0156 31.5-15.6 5-6 5.3 17.84 17.84 72.06 Hydrometer 

8. 0.0156-0.0078 15.6-7.8 6-7 6.5 15.66 15.66 87.72 Hydrometer 

9. 0.0078-0.0039 7.8-3.9 7-8 7.5 6.11 6.11 93.83. Hydrometer 

10. <0.0039 <3.9 8-9 8.5 5.34 5.34 99.17 Hydrometer 


GRAIN SIZE ANALYSIS 


Appendix-5 


1. SAMPLE NO. KN-KHS-5/88 

2. LOCATION OF SAMPLE KALARWAHAN AREA 

3. WEIGHT OF SAMPLE BEFORE ANALYSIS — 100gms. 

Sr. Particle Size (nm) Particle Class Mid Weight Weight % Cumulative Method of 

No. Size Interval point (grams) age Weight % age Analysis 

(microns) (@) (@) 

1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 

2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 

3: 0.5-0.25 500-250 1-2 1.5 - - - Sieving 

4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 

5, 0.125-0625 125-63 3-4 3.5 16.49 16.49 16.49 — Sieving 

6. 0.0625-0.0312 63-31.5 4-5 4.5 43.58 43.58 60.07 Hydrometer 

Th 0.0312-0.0156 31.5-15.6 5-6 5.5 17.22 17.22 77.29 Hydrometer 

8. 0.0156-0.0078 15.6-7.8 6-7 6.5 8.45 8.45 85.74 Hydrometer 

9. 0.0078-0.0039 7.8-3.9 7-8 7.5 7.51 7.51 93.25 Hydrometer 

10. <0.0039 <3.9 8-9 8.5 6.09 6.09 99.34 Hydrometer 

Appendix-6 

GRAIN SIZE ANALYSIS 

1. SAMPLE NO. KN-KHS-6/88 

2. LOCATION OF SAMPLE KALARWAHAN AREA 

3. WEIGHT OF SAMPLE BEFORE ANALYSIS  100gms. 

Sr. Particle Size (mm) Particle Class Mid Weight Weight % Cumulative Method of 

No. Size Interval point (grams) age Weight % age Analysis 

(microns) (o) (9) 

Li 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 

2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 

2 0.5-0.25 500-250 1-2 1.5 - - - Sieving 

4. 0.25-0.125 250-125 2-3 25 - - - Sieving 

5: 0.125-0625 125-63 3-4 3:5 10.82 10.82 10.82 Sieving 

6. 0.0625-0.03 12 63-31.5 4-5 4.5 40.63 40.63 51.45 Hydrometer 

Ts 0.0312-0.0156 31.5-15.6 5-6 3:5: 30.19 30.19 81.64 Hydrometer 

8. 0.0156-0.0078 15.6-7.8 6-7 6.5 10.57 10.57 92.21 Hydrometer 

9: 0.0078-0.0039 7.8-3.9 7-8 Tes 4.65 4.65 96.86 Hydrometer 

10. <0.0039 <3.9 8-9 8.5 2.53 2.53 99.39 Hydrometer 


GRAIN SIZE ANALYSIS 


1. SAMPLE NO. KN-KHS-7/88 
2. LOCATION OF SAMPLE KALARWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS — 100gms. 


Appendix-7 


Sr. Particle Size (mm) Particle Size Class Mid Weight Weight % Cumulative Method of 
No. (microns) Interval point (grams) age Weight % Analysis 
(9) () age 
1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3: 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5, 0.125-0625 125-63 3-4 3.5 20.64 20.64 20.64 = Sieving 
6. 0.0625-0.0312 63-31.5 4-5 4.5 34.03 34.03 54.67 Hydrometer 
Th 0.0312-0.0156 31.5-15.6 5-6 5.5 23.00 23.00 77.67 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 12.22 12.22 89.89 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 7.5 5.74 5.74 95.63 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 3.59 3.59 99.22 Hydrometer 
Appendix-8 
GRAIN SIZE ANALYSIS 
1. SAMPLE NO. KN-KHS-8/88 
2. LOCATION OF SAMPLE KALARWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS  100gms. 
Sr. Particle Size (mm) Particle Size Class Mid Weight Weight % Cumulative Method of 
No. (microns) Interval point (grams) age Weight % age Analysis 
(9) ()) 
Li 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
2 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 25 - - - Sieving 
5: 0.125-0625 125-63 3-4 3:5 22.13 22.13 22.13 Sieving 
6. 0.0625-0.03 12 63-31.5 4-5 4.5 43.27 43.27 65.4 Hydrometer 
7. 0.0312-0.0156 31.5-15.6 5-6 5.5 18.87 18.87 84.27 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 6.37 6.37 90.64 Hydrometer 
9: 0.0078-0.0039 7.8-3.9 7-8 TS 4.87 4.87 95.51 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 3.90 3.90 99.41 Hydrometer 


GRAIN SIZE ANALYSIS 


Appendix-9 


1. SAMPLE NO. KN-KHS-9/88 
2. LOCATION OF SAMPLE KALARWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS — 100gms. 
Sr. Particle Size (mm) Particle Size Class Mid Weight Weight % Cumulative Method of 
No. (microns) Interval point (grams) age Weight % Analysis 
(2) (2) age 
1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3: 0.5-0.25 500-250 1-2 1:5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5, 0.125-0625 125-63 3-4 3.5 17.78 17.78 17.78 Sieving 
6. 0.0625-0.0312 63-31.5 4-5 4.5 57.00 57.00 74.78 Hydrometer 
Th 0.0312-0.0156 31.5-15.6 5-6 5.5 9.58 9.58 84.36 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 5.25 5.25 89.61 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 7.5 5.25 5.25 94.86 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 4.59 4.59 99.45 Hydrometer 
Appendix-10 
GRAIN SIZE ANALYSIS 
1. SAMPLE NO. KN-KHS-10/88 
2. LOCATION OF SAMPLE KALARWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS  100gms. 
Sr. Particle Size (nm) Particle Size Class Mid Weight Weight % Cumulative Method of 
No. (microns) Interval point (grams) age Weight % Analysis 
()) (0) age 
ie 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3: 0.5-0.25 500-250 1-2 15 - - - Sieving 
4. 0.25-0.125 250-125 2-3 25 - - - Sieving 
5. 0.125-0625 125-63 3-4 35 26.15 26.15 26.15  Sieving 
6. 0.0625-0.0312 63-31.5 4-5 4.5 40.41 40.41 66.56 Hydrometer 
7 0.0312-0.0156 31.5-15.6 5-6 5.5 14.97 14.97 81.53 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 7.83 7.83 89.36 Hydrometer 
9; 0.0078-0.0039 7.8-3.9 7-8 7.5 5.22 5.22 94.58 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 4.70 4.70 99.22 Hydrometer 


GRAIN SIZE ANALYSIS 


1. SAMPLE NO. 


KN-KHS-11/88 


Appendix-11 


2. LOCATION OF SAMPLE KALARWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS — 100gms. 
Sr. Particle Size (mm) Particle Size Class Mid Weight Weight % Cumulative Method of 
No. (microns) Interval point (grams) age Weight % age Analysis 
(2) (2) 
1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3: 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5, 0.125-0625 125-63 3-4 3.5 27.02 27.02 27.02 Sieving 
6. 0.0625-0.0312 63-31.5 4-5 4.5 30.56 30.56 57.58 Hydrometer 
Th 0.0312-0.0156 31.5-15.6 5-6 3.5 19.30 19.30 76.89 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 9.51 9.51 86.04 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 1 6.91 6.91 93.31 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 6.05 6.05 99.36 Hydrometer 
Appendix-12 
GRAIN SIZE ANALYSIS 
1. SAMPLE NO. KN-KHS-12/88 
2. LOCATION OF SAMPLE KALARWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS _ 100gms. 
Sr. Particle Size (mm) Particle Size Class Mid Weight Weight % Cumulative Method of 
No. (microns) Interval point (grams) age Weight % Analysis 
(9) (2) age 
ie 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3: 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2:5 - - - Sieving 
5. 0.125-0625 125-63 3-4 3.5 14.40 14.40 14.40 Sieving 
6. 0.0625-0.0312 63-31.5 4-5 4.5 52.24 52.24 66.64 Hydrometer 
7 0.0312-0.0156 31.5-15.6 5-6 5.5 11.59 11.59 78.23 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 7.45 7.45 85.68 Hydrometer 
9; 0.0078-0.0039 7.8-3.9 7-8 7.5 7.45 7.45 93.13 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 6.20 6.20 99.33, Hydrometer 


GRAIN SIZE ANALYSIS 


1. SAMPLE NO. KN-KHS-13/88 
2. LOCATION OF SAMPLE KALARWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS — 100gms. 


Appendix-13 


Sr. Particle Size Particle Size Class Mid Weight Weight Cumulative Method of 
No. (mm) (microns) Interval point (grams) % age Weight % Analysis 
(9) () age 
1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3: 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5, 0.125-0625 125-63 3-4 3.5 21.12 21.12 21.12 Sieving 
6. 0.0625-0.0312 63-31.5 4-5 4.5 31.79 31.79 52.91 Hydrometer 
Th 0.0312-0.0156 31.5-15.6 5-6 3.5 25.38 25.38 78.29 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 13.22 13.22 91.51 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 TS 4.80 4.80 96.31 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 3.20 3.20 99.51 Hydrometer 
Appendix-14 
GRAIN SIZE ANALYSIS 
1. SAMPLE NO. KN-KHS-14/88 
2. LOCATION OF SAMPLE KALARWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS  100gms. 
Sr. Particle Size Particle Size Class Mid Weight Weight Cumulative Method of 
No. (mm) (microns) Interval point (grams) % age Weight % Analysis 
(0) (2) age 
ie 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3: 0.5-0.25 500-250 1-2 1,5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5. 0.125-0625 125-63 3-4 3:5 22.05 22.05 22.05 Sieving 
6. 0.0625-0.0312 63-31.5 4-5 4.5 35.48 35.48 57.53 Hydrometer 
ce 0.0312-0.0156 31.5-15.6 5-6 ere) 21.49 21.49 79.02 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 10.74 10.74 89.68 Hydrometer 
9; 0.0078-0.0039 7.8-3.9 7-8 Ae 5.36 5.36 95.12 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 4.38 4.38 99.50 Hydrometer 


1. SAMPLE NO. 


GRAIN SIZE ANALYSIS 


KN-KHS-15/88 


Appendix-15 


2. LOCATION OF SAMPLE KALARWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100gms. 
Sr. Particle Size Particle Class Mid point Weight Weight% Cumulative Method of 
No. (mm) Size Interval (@) (grams) age Weight % Analysis 
(microns) (9) age 
1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2: 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5, 0.125-0625 125-63 3-4 3.5 26.26 26.26 26.26 Sieving 
6. 0.0625-0.0312 63-31.5 4-5 4.5 39.54 39.54 65.80 Hydrometer 
7. 0.0312-0.0156 31.5-15.6 5-6 5.5 14.07 14.07 79.87 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 8.12 8.12 87.99 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 79 6.49 6.49 94.48 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 5.08 5.08 99.56 Hydrometer 
Appendix-16 
GRAIN SIZE ANALYSIS 
1. SAMPLE NO. KN-KHS-16/88 
2. LOCATION OF SAMPLE KALARWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS — 100gms. 
Sr. Particle Size Particle Size Class Mid point Weight Weight% Cumulative Method of 
No. (mm) (microns) Interval (@) (grams) age Weight % Analysis 
(2) age 
1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3 0.5-0.25 500-250 1-2 Ls - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5. 0.125-0625 125-63 3-4 3:5 26.35 26.35 26.35  Sieving 
6. 0.0625-0.03 12 63-31.5 4-5 4.5 30.15 30.15 56.50 Hydrometer 
7. 0.0312-0.0156 31.5-15.6 5-6 5.5 19.84 19.84 76.34 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 11.30 11.30 87.64 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 7S 6.23 6.23 93.87 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 5.45 5.45 99.32 Hydrometer 


GRAIN SIZE ANALYSIS 


1. SAMPLE NO. KN-KHS-17/88 


Appendix-17 


2. LOCATION OF SAMPLE KALARWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS — 100gms. 
Sr. Particle Size Particle Class Mid Weight Weight % Cumulative Method of 
No. (mm) Size Interval point (grams) age Weight % Analysis 
(microns) (9) (9) age 
1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3: 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5, 0.125-0625 125-63 3-4 3.5 21.95 21.95 21.95 Sieving 
6. 0.0625-0.0312 63-31.5 4-5 4.5 31.14 31.14 53.09 Hydrometer 
Th 0.0312-0.0156 31.5-15.6 5-6 5.5 16.43 16.43 69.52 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 11.67 11.67 81.19 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 TS 10.37 10.37 91.56 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 TAL 7.77 99.33. Hydrometer 
Appendix-18 
GRAIN SIZE ANALYSIS 
1. SAMPLE NO. KN-KHS-18/88 
2. LOCATION OF SAMPLE KALARWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS — 100gms. 
Sr. Particle Size Particle Class Mid Weight Weight % Cumulative Method of 
No. (mm) Size Interval point (grams) age Weight % Analysis 
(microns) (@) (@) age 
1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3: 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2:5: - - - Sieving 
5. 0.125-0625 125-63 3-4 3.5 18.19 18.19 18.19 Sieving 
6. 0.0625-0.03 12 63-31.5 4-5 4.5 51.58 51.58 69.77 Hydrometer 
7. 0.0312-0.0156 31.5-15.6 5-6 55 14.89 14.89 84.66 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 6.87 6.87 91.53 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 75 4.29 4.29 95.82 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 3.43 3.43 99.25 Hydrometer 


GRAIN SIZE ANALYSIS 


Appendix-19 


1. SAMPLE NO. KN-KHS-19/88 

2. LOCATION OF SAMPLE KALARWAHAN AREA 

3. WEIGHT OF SAMPLE BEFORE ANALYSIS — 100gms. 

Sr. Particle Size Particle Size Class Mid Weight Weight % Cumulative Method of 

No. (mm) (microns) Interval point (grams) age Weight % Analysis 
() () age 

1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 

2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 

3: 0.5-0.25 500-250 1-2 1:5 - - - Sieving 

4. 0.25-0.125 250-125 2-3 23 - - - Sieving 

5, 0.125-0625 125-63 3-4 3.5 19.15 19.15 19.15 Sieving 

6. 0.0625-0.0312 63-31.5 4-5 4.5 29.33 29.33 48.48 Hydrometer 

Th 0.0312-0.0156 31.5-15.6 5-6 5.5 19.38 19.38 67.87 Hydrometer 

8. 0.0156-0.0078 15.6-7.8 6-7 6.5 14.14 14.14 82.00 Hydrometer 

9. 0.0078-0.0039 7.8-3.9 7-8 TS 10.21 10.21 92.21 Hydrometer 

10. <0.0039 <3.9 8-9 8.5 7.06 7.06 99.27 Hydrometer 

Appendix-20 

GRAIN SIZE ANALYSIS 

1. SAMPLE NO. KN-KHS-20/88 

2. LOCATION OF SAMPLE KALARWAHAN AREA 

3. WEIGHT OF SAMPLE BEFORE ANALYSIS — 100gms. 

Sr. Particle Size Particle Size Class Mid Weight Weight % Cumulative Method of 

No. (mm) (microns) Interval point (grams) age Weight % Analysis 
(9) (2) age 

1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 

2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 

3: 0.5-0.25 500-250 1-2 1.5 - - - Sieving 

4. 0.25-0.125 250-125 2-3 25 - - - Sieving 

5. 0.125-0625 125-63 3-4 3:5 21.18 21.18 21.18  Sieving 

6. 0.0625-0.03 12 63-31.5 4-5 4.5 34.53 34.53 45.71 Hydrometer 

7. 0.0312-0.0156 31.5-15.6 5-6 5.5 17.70 17.70 63.41 Hydrometer 

8. 0.0156-0.0078 15.6-7.8 6-7 6.5 11.28 11.28 74.69 Hydrometer 

9. 0.0078-0.0039 7.8-3.9 7-8 75 9.29 9.29 83.98 Hydrometer 

10. <0.0039 <3.9 8-9 8.5 5.30 5.30 89.28 Hydrometer 


GRAIN SIZE ANALYSIS 


Appendix-21 


1. SAMPLE NO. KN-KHS-21/88 
2. LOCATION OF SAMPLE KALARWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS — 100gms. 
Sr. Particle Size Particle Class Mid point Weight Weight Cumulative Method of 
No. (mm) Size Interval (@) (grams) % age Weight % Analysis 
(microns) (@) age 
1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3: 0.5-0.25 500-250 1-2 1:5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5, 0.125-0625 125-63 3-4 3.5 23.07 23.07 23.07 Sieving 
6. 0.0625-0.0312 63-31.5 4-5 4.5 29.89 29.89 52.96 Hydrometer 
Th 0.0312-0.0156 31.5-15.6 5-6 5.5 20.89 20.89 73.85 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 13.48 13.48 87.69 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 7.5 6.92 6.92 94.61 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 5.09 5.09 99.7 Hydrometer 
Appendix-22 
GRAIN SIZE ANALYSIS 
1. SAMPLE NO. KN-KHS-22/88 
2. LOCATION OF SAMPLE KALARWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS — 100gms. 
Sr. Particle Size Particle Class Mid point Weight Weight Cumulative Method of 
No. (mm) Size Interval (@) (grams) % age Weight % Analysis 
(microns) (@) age 
1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3: 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 25 - - - Sieving 
5. 0.125-0625 125-63 3-4 335 13.16 13.16 13.16  Sieving 
6. 0.0625-0.03 12 63-31.5 4-5 4.5 35.01 35.01 48.17 Hydrometer 
7. 0.0312-0.0156 31.5-15.6 5-6 5.5 21.39 21.39 69.56 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 13.86 13.86 83.42 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 75 8.74 8.74 92.16 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 7.29 7.29 99.45 Hydrometer 


GRAIN SIZE ANALYSIS 


1. SAMPLE NO. KN-KHS-23/88 


Appendix-23 


2. LOCATION OF SAMPLE KALARWAHAN AREA 

3. WEIGHT OF SAMPLE BEFORE ANALYSIS — 100gms. 

Sr. Particle Size Particle Size Class Mid Weight Weight % Cumulative Method of 
No. (mm) (microns) Interval point (grams) age Weight % Analysis 

(9) () age 

1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 

3: 0.5-0.25 500-250 1-2 1:5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5, 0.125-0625 125-63 3-4 3.5 24.72 24.72 24.72 Sieving 
6. 0.0625-0.0312 63-31.5 4-5 4.5 29.50 29.50 54.22 Hydrometer 
Th 0.0312-0.0156 31.5-15.6 5-6 5.5 14.77 14.77 68.99 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 11.91 11.91 80.9 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 7.5 10.20 10.20 91.1 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 8.50 8.50 99.6 Hydrometer 


GRAIN SIZE ANALYSIS 


1. SAMPLE NO. KN-KHS-24/88 


Appendix-24 


2. LOCATION OF SAMPLE KALARWAHAN AREA 

3. WEIGHT OF SAMPLE BEFORE ANALYSIS — 100gms. 

Sr. Particle Size Particle Size Class Mid point Weight Weight % Cumulative Method of 
No. (mm) (microns) Interval (@) (grams) age Weight % Analysis 

(2) age 

1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 

3: 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 25 - - - Sieving 

5, 0.125-0625 125-63 3-4 3.5 22.04 22.04 22.04 Sieving 

6. 0.0625-0.0312 63-31.5 4-5 4.5 28.98 28.98 51.02 Hydrometer 
Th 0.0312-0.0156 31.5-15.6 5-6 5.5 17.47 17.47 68.49 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 11.50 11.50 79.99 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 TS 10.00 10.00 89.99 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 9.58 9.58 99.57 Hydrometer 

Appendix-25 
GRAIN SIZE ANALYSIS 

1. SAMPLE NO. KN-KHS-25/88 

2. LOCATION OF SAMPLE KALARWAHAN AREA 

3. WEIGHT OF SAMPLE BEFORE ANALYSIS — 100gms. 

Sr. Particle Size Particle Size Class Mid point Weight Weight % Cumulative Method of 
No. (mm) (microns) Interval (2) (grams) age Weight % Analysis 

(2) age 

1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 

2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 

3: 0.5-0.25 500-250 1-2 1.5 - - - Sieving 

4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 

5. 0.125-0625 125-63 3-4 3.5 16.35 16.35 16.35  Sieving 

6. 0.0625-0.03 12 63-31.5 4-5 4.5 38.82 38.82 55.17 Hydrometer 
7. 0.0312-0.0156 31.5-15.6 5-6 5.5 23.92 23.92 79.09 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 10.15 10.15 89.24 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 75 5.41 5.41 94.65 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 4.73 4.73 99.38 Hydrometer 


GRAIN SIZE ANALYSIS 


1. SAMPLE NO. KN-KHS-26/88 


Appendix-26 


2. LOCATION OF SAMPLE KALARWAHAN AREA 

3. WEIGHT OF SAMPLE BEFORE ANALYSIS — 100gms. 

Sr. Particle Size Particle Size Class Mid Weight Weight % Cumulative Method of 

No. (mm) (microns) Interval point (grams) age Weight % Analysis 
() () age 

1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 

2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 

3: 0.5-0.25 500-250 1-2 1:5 - - - Sieving 

4. 0.25-0.125 250-125 2-3 23 - - - Sieving 

5, 0.125-0625 125-63 3-4 3.5 13.88 13.88 13.88 Sieving 

6. 0.0625-0.0312 63-31.5 4-5 4.5 33.82 33.82 47.7 Hydrometer 

Th 0.0312-0.0156 31.5-15.6 5-6 5.5 22.70 22.70 70.4 Hydrometer 

8. 0.0156-0.0078 15.6-7.8 6-7 6.5 12.77 12.77 83.17 Hydrometer 

9. 0.0078-0.0039 7.8-3.9 7-8 TS 8.51 8.51 91.60 Hydrometer 

10. <0.0039 <3.9 8-9 8.5 7.80 7.80 99.48 Hydrometer 

Appendix-27 

GRAIN SIZE ANALYSIS 

1. SAMPLE NO. KN-KHS-27/88 

2. LOCATION OF SAMPLE KALARWAHAN AREA 

3. WEIGHT OF SAMPLE BEFORE ANALYSIS — 100gms. 

Sr. Particle Size Particle Size Class Mid point Weight Weight% Cumulative Method of 

No. (mm) (microns) Interval (9) (grams) age Weight % Analysis 
(9) age 

1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 

2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 

3: 0.5-0.25 500-250 1-2 15 - - - Sieving 

4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 

5. 0.125-0625 125-63 3-4 3.5 25.19 25.19 25.19 Sieving 

6. 0.0625-0.03 12 63-31.5 4-5 4.5 25.73 25.73 50.92 Hydrometer 

7. 0.0312-0.0156 31.5-15.6 5-6 5.5 15.68 15.68 66.6 Hydrometer 

8. 0.0156-0.0078 15.6-7.8 6-7 6.5 12.06 12.06 78.66 Hydrometer 

9. 0.0078-0.0039 7.8-3.9 7-8 75 10.85 10.85 87.51 Hydrometer 

10. <0.0039 <3.9 8-9 8.5 9.66 9.66 99.17 Hydrometer 


GRAIN SIZE ANALYSIS 


Appendix-28 


1. SAMPLE NO. KN-KHS-28/88 
2. LOCATION OF SAMPLE KALARWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS — 100gms. 
Sr. Particle Size Particle Size Class Mid point Weight Weight % Cumulative Method of 
No. (mm) (microns) Interval (@) (grams) age Weight % Analysis 
(2) age 
1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1:5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5, 0.125-0625 125-63 3-4 3.5 38.80 38.80 38.80  Sieving 
6. 0.0625-0.0312 63-31.5 4-5 4.5 28.91 28.91 67.71 Hydrometer 
Th 0.0312-0.0156 31.5-15.6 5-6 5.5 10.91 10.91 78.62 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 8.19 8.19 86.81 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 i) 7.02 7.02 93.83 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 85 85 99.68 Hydrometer 
Appendix-29 
GRAIN SIZE ANALYSIS 
1. SAMPLE NO. KN-KHS-29/88 
2. LOCATION OF SAMPLE KALARWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS — 100gms. 
Sr. Particle Size (mm) Particle Size Class Mid point Weight Weight Cumulative Method of 
No. (microns) Interval (9) (grams) % age Weight % Analysis 
(2) age 
1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3: 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2:5 - - - Sieving 
5. 0.125-0625 125-63 3-4 3.5 32.25 32.25 32.25 Sieving 
6. 0.0625-0.0312 63-31.5 4-5 4.5 24.64 24.64 56.89 Hydrometer 
7. 0.0312-0.0156 31.5-15.6 5-6 5.5 13.66 13.66 70.55 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 10.25 10.25 80.8 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 ES 10.25 10.25 91.05 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 8.19 8.19 99.24 Hydrometer 
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GRAIN SIZE ANALYSIS 


1. SAMPLE NO. KN-KHS-30/88 


Appendix-30 


2. LOCATION OF SAMPLE KALARWAHAN AREA 

3. WEIGHT OF SAMPLE BEFORE ANALYSIS — 100gms. 

Sr. Particle Size Particle Size Class Mid point Weight Weight % Cumulative Method of 
No. (mm) (microns) Interval (@) (grams) age Weight % Analysis 

(2) age 

1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 

3: 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2:5 - - - Sieving 

5, 0.125-0625 125-63 3-4 3.5 62.07 62.07 62.07 Sieving 

6. 0.0625-0.0312 63-31.5 4-5 4.5 12.94 12.94 75.01 Hydrometer 
Th 0.0312-0.0156 31.5-15.6 5-6 5.5 7.23 7.23 82.24 Hydrometer 
8. 0.0156-0.0078 15.6-7.8 6-7 6.5 6.32 6.32 88.56 Hydrometer 
9. 0.0078-0.0039 7.8-3.9 7-8 75 5.86 5.86 94.42 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 4.96 4.96 99.38 Hydrometer 

Appendix-31 
GRAIN SIZE ANALYSIS 

1. SAMPLE NO. KN-KHS-31/88 
2. LOCATION OF SAMPLE KALARWAHAN AREA 

3. WEIGHT OF SAMPLE BEFORE ANALYSIS _ 100gms. 

Sr. Particle Size Particle Size Class Mid point Weight Weight % Cumulative Method of 
No. (mm) (microns) Interval (9) (grams) age Weight % Analysis 

(2) age 

Li 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 

2 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2:5 - - - Sieving 

5: 0.125-0625 125-63 3-4 3.5 30.44 30.44 30.44 = Sieving 

6. 0.0625-0.03 12 63-31.5 4-5 4.5 26.20 26.20 56.64 Hydrometer 

Ts 0.0312-0.0156 31.5-15.6 5-6 3.5) 14.70 14.70 71.34 Hydrometer 

8. 0.0156-0.0078 15.6-7.8 6-7 6.5 12.40 12.40 83.74 Hydrometer 

9: 0.0078-0.0039 7.8-3.9 7-8 Ts 8.26 8.26 92,00 Hydrometer 

10. <0.0039 <3.9 8-9 8.5 Tid 752 99.52 Hydrometer 


GRAIN SIZE ANALYSIS 


1. SAMPLE NO. KN-KHS-30/88 
2. LOCATION OF SAMPLE KALARWAHAN AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS — 100gms. 


Appendix-32 


Sr. Particle Size Particle Size Class Mid point Weight Weight % Cumulative Method of 

No. (mm) (microns) Interval (@) (grams) age Weight % Analysis 
(2) age 

1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 

2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 

3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 

4. 0.25-0.125 250-125 2-3 2:5 - - - Sieving 

5, 0.125-0625 125-63 3-4 3.5 67.56 67.56 67.56 Sieving 

6. 0.0625-0.0312 63-31.5 4-5 4.5 9.84 9.84 77.4 Hydrometer 

Th 0.0312-0.0156 31.5-15.6 5-6 5.5 6.71 6.71 84.11 Hydrometer 

8. 0.0156-0.0078 15.6-7.8 6-7 6.5 6.04 6.04 90.15 Hydrometer 

9. 0.0078-0.0039 7.8-3.9 7-8 7.5 5.37 5.37 95.52 Hydrometer 

10. <0.0039 <3.9 8-9 8.5 4.02 4.02 99.54 Hydrometer 

Appendix-33 

GRAIN SIZE ANALYSIS 

1. SAMPLE NO. KN-KHS-33/88 

2. LOCATION OF SAMPLE KALARWAHAN AREA 

3. WEIGHT OF SAMPLE BEFORE ANALYSIS — 100gms. 

Sr. Particle Size Particle Size Class Mid point Weight Weight % Cumulative Method of 

No. (mm) (microns) Interval (9) (grams) age Weight % Analysis 
(9) age 

1. 2.0-1.0 2000-1000 -1-0 -0.5 1.44 1.44 1.44 Sieving 

2. 1.0-0.5 1000-500 0-1 0.5 24.52 24.52 25.96 Sieving 

3: 0.5-0.25 500-250 1-2 15 48.95 48.95 74.91 Sieving 

4. 0.25-0.125 250-125 2-3 2 5.51 5.51 80.42 Sieving 

5. 0.125-0625 125-63 3-4 335 9.60 9.60 90.02 Sieving 

6. 0.0625-0.03 12 63-31.5 4-5 4.5 3.04 3.04 93.06 Hydrometer 

7. 0.0312-0.0156 31.5-15.6 5-6 5.5 2.34 2.34 95.4 Hydrometer 

8. 0.0156-0.0078 15.6-7.8 6-7 6.5 2.07 2.07 97.47 Hydrometer 

9. 0.0078-0.0039 7.8-3.9 7-8 75 1.24 1.24 98.71 Hydrometer 

10. <0.0039 <3.9 8-9 8.5 0.83 0.83 99.54 Hydrometer 


Appendix-34 


GRAIN SIZE ANALYSIS 

1. SAMPLE NO. KN-KHS-34/88 

2. LOCATION OF SAMPLE KALARWAHAN AREA 

3. WEIGHT OF SAMPLE BEFORE ANALYSIS — 100gms. 

Sr. Particle Size Particle Size Class Mid point Weight Weight Cumulative Method of 

No. (mm) (microns) Interval (@) (grams) % age Weight % Analysis 
(2) age 

1. 2.0-1.0 2000-1000 -1-0 -0.5 1.11 1.11 1.11 Sieving 

2 1.0-0.5 1000-500 0-1 0.5 18.38 18.38 19.49 Sieving 

3: 0.5-0.25 500-250 1-2 1.5 45.84 45.84 65.33 Sieving 

4. 0.25-0.125 250-125 2-3 2.5 5.50 5.50 70.83  Sieving 

2: 0.125-0625 125-63 3-4 335 17.31 17.31 88.14 Sieving 

6. 0.0625-0.0312 63-31.5 4-5 4.5 3.14 3.14 91.28 Hydrometer 

7. 0.0312-0.0156 31.5-15.6 5-6 5.5 2.74 2.74 94.02 Hydrometer 

8. 0.0156-0.0078 15.6-7.8 6-7 6.5 2.22 2.22 96.24 Hydrometer 

9. 0.0078-0.0039 7.8-3.9 7-8 75 1.91 1.91 98.15 Hydrometer 

10. <0.0039 <3.9 8-9 8.5 1.11 1.11 99.26 Hydrometer 

Appendix-35 

GRAIN SIZE ANALYSIS 

1. SAMPLE NO. KN-KHS-35/88 

2. LOCATION OF SAMPLE KALARWAHAN AREA 

3. WEIGHT OF SAMPLE BEFORE ANALYSIS _ 100gms. 

Sr. Particle Size Particle Size Class Mid point Weight Weight Cumulative Method of 

No. (mm) (microns) Interval (9) (grams) % age Weight % Analysis 
(2) age 

1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 

23 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 

3. 0.5-0.25 500-250 1-2 1:5: 33.60 1.11 33.60  Sieving 

4. 0.25-0.125 250-125 2-3 2:5 16.12 18.38 49.72 Sieving 

3: 0.125-0625 125-63 3-4 3:5 17.67 45.84 67.39  Sieving 

6. 0.0625-0.0312 63-31.5 4-5 4.5 11.06 5.50 78.45 Hydrometer 

7. 0.0312-0.0156 31.5-15.6 5-6 5.5 7.36 17.31 85.81 Hydrometer 

8. 0.0156-0.0078 15.6-7.8 6-7 6.5 5.53 3.14 91.34 Hydrometer 

9. 0.0078-0.0039 7.8-3.9 7-8 7.5 4.58 2.74 95.92 Hydrometer 

10. <0.0039 <3.9 8-9 8.5 3.66 2.22 99.58 Hydrometer 


6.1 THE PRELIMINARY GEOLOGICAL FIELD STUDIES OF THE KHEWRA 
SANDSTONE EXPOSED AT THE KHAN ZAMAN NALA, WESTERN SALT 
RANGE 


6.1.1 INTRODUCTION 


The outcrops of the Khewra Sandstone are nicely exposed in the north east of 
Chiddru village in Khan Zaman Nala, in the western Salt Range (figure 1.1). The Khewra 
Sandstone overlies the Salt Range Formation with slight tectonic contact this could also be 
called an area where definite bedding trends can be observed in the Salt Range Formation. 
Range Formation displays mostly gypsum, thin lenticular sandstone, shales/marls, highly 
weathered shales with randomly oriented grains and could represents the weathered 
Khewrite rocks. The proper bedding in the Salt Range Formation in Khan Zaman Nala area 
provides an opportunity to study the lower contact of the Khewra Sandstone with the 
underlying Salt Range Formation. Although this contact is slightly disturbed but the beds 
appear to be conformable and the boundary can be marked at a place where the colour 
changes from bright red marls to dark purple red marly shaly/siltstones intercalating silty 
marls. It is there for recommended that this section may be called as a reference section in the 
western Salt Range to study the Khewra Sandstone. 


6.1.2 GENERAL DESCRIPTION: 


The Khewra Sandstone (146.00m) at Khan Zaman Nala consists of purple silty shales to 
shaly siltstones and sandstones. The colour of the formation gradually gets lighter towards 
top from dark purple at the base to light brown towards its top. The formation also displays a 
gradual increase of grain size from its base to its top. The basal portion consists of fine 
grained silty sands to clayey silts which gradually become medium to coarse grained towards 
its top. 


The Khewra Sandstone overlies the Salt Range Formation conformably with slight 
tectonic contact. The gypsum displays the tectonic flow along the bedding contacts near the 
junction of the Khewra Sandstone and the Salt Range Formation. The upper contact of the 
Khewra Sandstone with the overlying Kussak Formation is disconformable with a 2m thick 
conglomeratic bed marking the junction of the two formations. 


The Khewra Sandstone exposed at the Khan Zaman Nala is about 146m thick and 
dips towards north west with comparatively steeper dips towards the base and gentle dips 
towards the top indicating the doming process of underlying salt. The dips vary from 50 
degree to 10 degree. The sand, shales, and carbonate percentages calculated in the field are 
about 74%, 22% and about 4% respectively (table 6.1.4). The sand shale ratio calculated in 
field is about 3.2 (sand + conglomerate divided by shales) and the clastic ratio ( sand + shale 
divided by carbonates) is about 28.3 (table 6.1.4). Table 6.1.1 provides the main lithology, 
stratigraphic position of the samples and total number of the major and minor beds. The 
Khewra Sandstone at the Khan Zaman Nala consists of 69 major beds and total of 1751 beds 
including micro and major beds. Table 6.1.2 provides the megascopic description of all the 
samples collected from the khan Zaman Nala and reflects the local variations of lithology. 
Table 6.1.3 gives number of major and micro-beds in Khewra Sandstone with field 
percentages of sand, shale and the carbonates. 
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The Khewra Sandstone at the Khan Zaman Nala can also be divided into three sub- 
units, called as units A, B, and C from its base to its top, respectively. The units have been 
separated on the basis of bedding characters and lithology. The beds are very thin at the base 
and gradually become medium to thick bedded in the middle and finally display thick to 
massive bedding towards the top of the formation. Detailed description of each unit has been 
given in the following. 


6.1.3 UNITA 


The lower unit of the khewra Sandstone is about 56.3m thick and includes mainly 
calcareous gypsiferous shales. The shales are intercalated with siltstones and occasionally 
display lenticular beds of carbonates. The shales gradually decrease towards the top of the 
unit and the frequency of silty sandy beds increases towards the top of the unit. The shales 
and siltstones are dark purple with occasional gypsum crystals, distributed randomly. The 
grain size increases towards the top of the unit. This unit is thinly bedded towards the base 
while the bedding gets thin to medium towards the top of the unit (figure 6.1.1). The shaly 
beds occasionally display greenish colour and probably reflect the original colour of the beds 
during the time of deposition. The red colour was probably due to diagenetic solutions and 
due to the weathering of the transported material in oxidizing environments. The beds of the 
lower unit also display graded bedding and it may be due to turbidity currents. 


The lower unit consists of about 40% siltstones/sandstone, 54% shale and 6% 
carbonates as calculated in the field. The sand shale ratio is 0.62 and clastic ratio is 11.1. The 
lower unit consists of about 19 major beds and 1635 total beds including micro beds. The 
major beds were taken as separated distinct collection of micro beds in the field and were 
selected on the basis of distinct lithological changes. The beds ranging from 3-10 cm were 
considered as thinly bedded, beds between 1-3 cm were considered as very thin bedded and 
beds thinner than 1 cm were considered as thinly bedded to thinly laminated. The beds 
between 10-30 cm were considered as medium bedded, 30-100 cm thick beds were 
considered thick to massive bedded. Table 6.1.1 and 6.1.3 provide the thickness and details of 
these beds. Figure 6.1.1 gives the lithological log of the formation showing the details of unit 
A. 


6.1.4 UNITB 


The unit B (63.2m) includes medium to thick bedded and massive bedded sandstones. 
The sandstones are dark purple towards the base and generally display comparatively light 
brown colour towards the top of the unit. The grain size of the unit also increases towards its 
top from fine grained sands to medium grained sandstones. This unit displays chemical 
weathering due to removal of the soluble carbonate minerals. This unit also displays a 
thickening of the beds towards its top. The unit B includes 42 major beds and 107 total beds 
including the thin micro beds towards its base (table 6.1.1 and 6.1.3). The sand shale ratio 
calculated in field is 46.7 and the clastic ratio is 182.3. The unit B includes about 96% sand, 
3% shale, and 1% carbonate. This unit shows increasing porosity towards its top, indicating 
the decreasing amount of cements from the base to the top of the unit. 
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Fig: 6.1.2: The distribution of sand, shale. percentages of 
' Khewra sandstone exposed at Khan Zaman Nala based 
on field data. 


The sandstones of this unit are cross bedded and display muscovite at its bedding 
surfaces. The graded bedding may be observed in the basal beds but cannot be seen 
towards the middle and upper part of the unit. This unit can be separated from the lower 
lying unit with fine carbonate marly, silty intercalations. 


6.1.5 UNIT C 


The unit C (26.5m) includes massive sandstones which gradually get more 
massive towards the top of the unit. The sandstones' at the base of this unit are medium 
grained and finally become coarse grained towards the top of the unit. The colour of the 
beds also gets lighter towards its top from light brown to light yellowish brown and 
pinkish brown. The unit C includes 100% sandstones and displays 8 major massive beds 
(table 6.1.1 and 6.1.3). This unit can be separated from unit B by the massive nature of its 
beds. It is separated from the Kussak Formation with a 2 m thick bed of conglomerate. 
The sandstones of this unit are ferrugenous and display goethite towards the top of the 
unit. The conglomeratic bed towards the top of the unit includes a 2m thick bed with 
pebbles and gravels of quartz. 
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TABLE 6.1.1. 


THE STRATIGRAPHIC POSITION OF THE SAMPLES AND THE LITHOLOGICAL 


DESCRIPTION OF THE MAJOR BEDS WITH TOTAL NO. OF MICRO-MAJOR BEDS 


SAMPLE NO. MAIN Sr. No. STRATIGRAPHIC 

KZN-KHS- POSITION OF THE 
EEEOROG SAMPLES ABOVE THE 

Major Micro Total Thickness BASE OF KHEWRA 
SANDSTONE (cm.) 

1/90 Gypsum/Gypsum marl, Shale intercalating 1 90 90 300 
thin siltstones sandstones. 

2/90 Thinly bedded, dark red mottled siltstones 2 60 150 100 400 
intercalating sandstones. 

3/90 Thinly interbedded shales/marls, lenticular 3 150 300 300 700 
carbonates, siltstone/. sandstone and 
gypsum. The gypsum appears to be 
introduced by tectonic activity? 

-_- Thinly interbedded red shales/marls, 4 120 420 300 - 
sandstones, lenticular carbonates and 
gypsum. 

4/90 Thinly bedded red shales/marls, siltstones, 5 120 540 200 1200 
lenticular carbonates and gypsum. 

5/90 Thinly bedded shales intercalating thin 6 250 790 600 1800 
siltstones, sandstones. The beds upto this 
horizon dip at 45 in 10 N E direction 

-—- Thinly bedded shales/marls, intercalating 7 80 870 230 - 
thin sandstones, siltstones. 

6/90 Thinly bedded shales intercalating thin 8 65 935 200 2230 
siltstones, sandstones. It is marly. 

— Shales/marls, red, intercalating lenticular 9 200 1135 300 - 
carbonated and thin siltstones, sandstones. 

7/90 Shales intercalating thin 10 80 1215 400 2930 
siltstones/sandstones and lenticular 
carbonates with tectonic gypsum 

8/90 Thin sandstones intercalating thin shales 11 30 1245 100 3030 


and some carbonates 


11/90 


12/90 


13/90 


Shales intercalating thin _ siltstones, 
sandstones with tectonic gypsum. 


Thinly bedded shales intercalating thin 
siltstones and sandstones. 


Thinly bedded shales intercalating thin 
siltstones and sandstones 


Thinly bedded sandstones with shales. 


Shales intercalating thin  siltstones/ 
sandstones and calcareous sandstones to 
sandy carbonates. 


Interbedded sandstones and __ shales. 
Sandstone about 70%. 


Shales intercalating thin sandstones and 
limestones. 


Shales intercalated with — lenticular 
carbonates and sandstones. 


Sandstone, thick bedded. 


Sandstone intercalating thin shales. 


Sandstone / siltstone 


Sandstone / siltstone 


Sandstone / siltstone thick. 


Sandstone / siltstone 


Sandstone / siltstone 


Sandstone / siltstone 


Sandstone / siltstone 


Sandstone / siltstone 


Sandstone / siltstone 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


55 


90 


25 


25 


33 


75 


10 


32 


35 


1315 


1370 


1460 


1485 


1518 


1593 


1603 


1635 


1636 


1671 


1672 


1673 


1674 


1677 


1670 


1679 


1682 


1683 


1684 


300 


100 


100 


100 


500 


500 


400 


600 


100 


150 


100 


150 


130 


200 


100 


100 


100 


100 


100 


4330 


4730 


5300 


6430 


Sandstone / siltstone. 


Sandstone / siltstone. 


Sandstone / siltstone, shale. 


Sandstone/siltstone, shale. 


Sandstone. 


Sandstone with marly shale at the top. 


Sandstone with minor clay. 


Sandstone. 


Sandstone, thickly bedded, cross bedded. 


Sandstone with cross bedding. 


Interbedded lenticular shales, carbonates 
and sandstones. 


Sandstone with clay at the top. 


Thickly bedded cross bedded sandstone. 


Thickly bedded sandstone. 


Thickly bedded sandstone with carbonate 
traces at the top. 


Thickly bedded cross bedded sandstone. 


Thickly bedded sandstone. 


Thickly bedded sandstone. 


Thickly bedded sandstone. 


Thickly bedded sandstone. 


Thickly bedded sandstone. 


Thickly bedded cross bedded sandstone. 


31 


32 


33 


34 


35 


36 


37 


38 


39 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


50 


51 


52 


1685 


1686 


1689 


1694 


1695 


1697 


1700 


1701 


1702 


1703 


1710 


1712 


1713 


1715 


1717 


1722 


1723 


1724 


1725 


1726 


1727 


1728 


150 


150 


100 


50 


125 


150 


160 


300 


250 


100 


200 


300 


120 


185 


300 


60 


140 


100 


100 


100 


150 


100 


6900 


7050 


7325 


8435 


8935 


10040 


32/90 


33/90 


34/90 


35/90 


36/90 


37/90 


38/90 


Thickly bedded cross bedded sandstone. 


Thickly bedded cross bedded sandstone. 


Thickly bedded sandstone. 


Thickly bedded sandstone. 


Thickly bedded cross bedded sandstone. 


Thickly bedded cross bedded sandstone. 


Thickly bedded sandstone. 


Thickly bedded sandstone. 


Thickly bedded sandstone. 


Thickly bedded sandstone. 


Thickly bedded sandstone. 


Thick’ 
bright 


Thick 
bright 


Thick’ 


ly bedded sandstone lighted red to 


red. 


ly bedded sandstone lighted red to 


red. 


ly bedded dark purple sandstone 


with lenticular white bed. 


Same as above. 


Soft friable dark purple sandstone. 


Soft friable dark purple sandstone with 
white lenticular beds. 


Just above sample KZN-KHS-36/90. 


Conglomeratic sandstone, yellowish white 
to reddish yellow, lenticular bedded 
conglomerate. 


53 


54 


55 


56 


57 


58 


59 


60 


61 


62 


63 


64 


65 


66 


66 


67 


68 


Below 
bed 69 


69 


1729 


1730 


1736 


1738 


1739 


1740 


1741 


1742 


1743 


1744 


1745 


1746 


1747 


1748 


1748 


1749 


1751 


100 


70 


200 


120 


170 


140 


100 


200 


300 


500 


300 


200 


200 


650 


200 


10368 


10680 


11290 


12090 


12790 


12790 
(Just at the base) 


13440 


13740 


14040 


Just above 
KZN-KHS-36/90 


14240 


TABLE: 6.1.2. THE TABLE GIVES THE DESCRIPTION OF THE 
SAMPLESTAKEN FROM THE KHEWRA SANDSTONE 
EXPOSED AT THE KHAN ZAMAN NALA. 


KZN-KHS-1/90 

GYPSEOUS MARL AND GYPSUM: Bright red to white, weathers brown, medium 
hard, poorly bedded to massive bedded, fine grained, gypsum 100 %, gypsum marl in 
marl sample 100 %, Weak effervescence, poorly porous. 


KZN-KHS-1/90 

SHALE/MARL/SILTSTONES: Purple red to dark red, weathers same, medium hard to 
hard, fine grained, thinly bedded, poorly bedded lenticular bedded, calcareous, mostly 
siltstone and shale, High effervescence, poorly porous. 


ZN-KHS-2/90 

SHALE/MARL/SILTSTONE: Purple red to dark red, weathers same, medium hard to 
hard, fine grained, thinly bedded, poorly bedded, lenticular bedded, calcareous, displays 
reddish white mottling to some carbonate minerals, siltstone includes about 80 % silt and 
20 shale/marl, the shale includes about 10 %, clay minerals, medium effervescence’ with 
acid, poorly porous. 


ZN-KHB-3/90 

SHALE, SILTSTONE TO SANDY LIMESTONE: Shale: Purple red to dark brown, 
weathers same, medium hard, poor to thinly bedded, calcareous, 90 % shale, 5 % 
siltstone and 5 % carbonate material, poorly porous. Siltstone to sandy limestone:- purple 
red to greyish white, weathers brown, medium hard, fine grained, thinly bedded, 
lenticular bedded, 50 % carbonate material, 50 % silty material, high effervescence, 
poorly porous. 


ZN-KHS-4/90 

SILTSTONE: purple red to dark red, weathers same, medium hard, fine grained, thinly 
bedded, lenticular bedded, calcareous, 100 % siltstone, marly, gypsiferous, weak 
effervescence , poorly porous. 


ZN-KHS-5/90 

SILTSTONE AND SHALE: 4/90. Shale:- Dark red hard, fine grained, carbonate 
minerals, weak effervescence, poorly porous. 

Siltstone same as in sample KZN-KHSto purple red, weathers same, medium thinly 
bedded, 90 % shale, 10 % 


ZN-KHS-6/90 

SHALE, SILTSTONE TO SILTY LIMESTONE: shale: Purple red to dark red, weathers 
same, medium hard, fine grained, bedded, poorly bedded, marly clay minerals about 
brownish white, weathers brown, 70 % siltstone, carbonate minerals and gypsum, weak 
effervescence, porous. thinly 90 % 30 % poorly porous. 


ZN-KHS-7/90 

MARL: Purple red to dark red, weathers same, soft, poorly bedded, fine grained, 70 % 
clay minerals, 30 % carbonate minerals and gypsum, gypsum introduced due to tectonic 
processes in fractures, weak effervescence, poorly porous. 


ZN-KHS-8/90 

CALCAREOUS SILTSTONE TO SILTY CARBONATE: light brown to whitish 
brown, weathers brown, medium hard, fine grained, thinly bedded, lenticular bedded, 
cross bedded, 60 % siltstone, 40 % carbonate minerals, medium effervescence, poorly 
porous. 


ZN-KHS-9/90 

SHALY SILTSTONE: Purple red to dark red, weathers same, medium hard, fine grained, 
thinly bedded, poorly bedded, lenticular bedded, calcareous, about 80 % siltstone, 20 % 
shale, solution weathering may be observed, weak effervescence, poorly porous. 


ZN-KHS-109/90 

CALCAREOUS SILTSTONE: Whitish brown to brown, weathers same, medium 
hard, fine grained, thinly bedded, lenticular bedded, poorly bedded, 60 % siltstone, 40 % 
carbonate and clay minerals, Weak effervescence, poorly porous. 


ZN-KHS-11/90 
Same as KZN-KHS-10/90. Medium effervescence. 


ZN-KHS-12/90 

SHALE/MARL AND CALCAREOUS SILTSTONE SHALE/MARL: Purple red to dark 
brown, weathers same, soft, fine grained, marly, thinly bedded to poorly bedded, 70 % 
clay minerals, 30 % carbonate minerals, Poorly porous. Calcareous siltstone: greenish 
white to greyish white, weathers to brown, medium hard, lenticular bedded, thinly 
bedded, cross bedded, 60% siltstone, 40% carbonate minerals, medium effervescence, 
poorly porous. 


KZN-KHS-13/90 

CALCAREOUS SILTSTONE TO SILTY DOLOMITE AND MARL: calcareous 
siltstone to silty dolomite whitish grey to greenish white, weathers brown, medium hard, 
fine grained, lenticular bedded,thickly bedded, 50% siltstone and 50% carbonate 
minerals, High effervescence, poorly porous. 

Marl: Dirty white to brownish white, weathers same, soft, fine grained, poorly bedded, 
50% clay minerals, 50% carbonate minerals, poorly porous. 


ZN-KHS-14/90 

CALCAREOUS SILTSTONE TO SILTY DOLOMITE: greenish white, weathers brown, 
medium hard, fine grained, massive bedded, lenticular bedded, fractured, 50% siltstone, 
50% carbonate mineral, High effervescence, poorly porous. 


ZN-KHS-1|5/90 

CALCAREOUS SILTSTONE AND SHALE: Calcareous siltstone: dirty brown to brown, 
weathers dark brown, medium hard, fine grained, thinly bedded, lenticular bedded, 20% 
siltstone, 30% carbonate minerals, poorly porous. 

Shale: Dark brown, weathers same, soft, thinly bedded, calcareous, 90% clay minerals, 
10% carbonate minerals, Medium effervescence, poorly porous. 


ZN-KHS-16/90 
CALCAREOUS SILTSTONE: same as the siltstone in KZN-KHS15/90. High 
effervescence. 


ZN-KNS-17/90 
CALCAREOUS SILTSTONE: Same as the siltstone in KZN-KHS15/90. Low 
effervescence. 


ZN-KHS-18/90 

SHALEAND CALCAREOUS SILTSTONE TO SILTY DOLOMITE: shale: Dark 
brown, weathers same, soft, fine grained, calcareous, 100% clay minerals, poorly porous, 
calcareous siltstone to silty dolomite: greenish white to dirty white, weathers brown, 
medium hard, fine grained, lenticular bedded, thickly bedded, 50% siltstone, 50% 
carbonate minerals, High effervescence, poorly porous. 


ZN-KHB-19/90 

SILTSTONE AND MARL: siltstone, brownish red, weathers same, medium hard, fine 
grained, thinly bedded, lenticular bedded, cross bedded, calcareous, 90% siltstone, 10% 
carbonate and clay minerals, micaceous, poorly porous. 

Marl. greenish white to brownish white, weathers same, soft, poorly bedded, 50% clay 
minerals, 50% carbonate minerals, Medium effervescence, poorly porous. 


ZN-KHS-20/90 
SILTSTONE: Same as the siltstone in KZN-KHS-19/90. Medium effervescence. 


ZN-KHS-21/90 

SHALE, MARL AND CALr4PEOL}5 SILTSTONE: shale: light green to greenish grey, 
weathers same, soft, friable, thinly bedded, highly micaceous, calcareous, 100% clay 
minerals mostly micaceous and illite minerals. Marl: dark brown, weathers same, poorly 
bedded, soft, 60% clay minerals, 40% carbonate minerals, poorly porous. Calcareous 
siltstone : light brown to whitish brown, weathers same, fine grained, medium hard, 
thinly bedded, lenticular bedded, 60% siltstone, 40% carbonate minerals medium 
effervescence, poorly porous. 


ZN-KHS-22/90 
SHALE: Dark brown, weathers same, soft, poorly bedded, calcareous, 100% clay 
minerals, Weak effervescence, poorly porous. 


ZN-KHS-22/90 

CALCAREOUS SILTSTONE: Greenish white to dirty white, weathers brown, medium 
hard, lenticular bedded, thickly bedded, calcareous, 80% siltstone, 20% carbonate 
minerals and clay minerals, glauconitic, micaceous, Weak effervescence, poorly porous. 


ZN-KNS-23/90 

CALCAREOUS SILTSTONE TO SILTY DOLOMITE: reddish brown to greenish, 
white grey, weathers same and greyish brown, medium hard to hard, fine grained, thinly 
bedded, lenticular bedded, cross bedded, 60% siltstone, 40% carbonate minerals, poor to 
moderately porous. High effervescence. 


ZW-KHB-24/90 

SANDSTONE: Light brown to dark red, weathers same, medium hard, poorly bedded to 
thinly bedded, ripple marked, occasional calcareous, dolomitic sandstone may include 
30% carbonate minerals and 70% siltstone, sandstone, the sandstone consists of 100% 
sandstone, Weak effervescence, moderately porous. 


ZN-KHS-25/90 
SANDSTONE: Same as KZN-KHS-24/90. Medium effervescence. 


ZN-KHS-26/90 
SANDSTONE Same as KZN-KHS-24/90. Medium effervescence. 


ZN-KHS-27/90 

SANDSTONE: Light brown to brown, weathers greyish brown, medium hard to friable, 
thinly bedded, lenticular bedded, thickly bedded, fine grained, 100% fine sandstone, 
Weak effervescence, moderately porous. 


ZN-KHS-28/90 
Sandstone Same as KZN-KHS-27/90. Medium effervescence. 


ZN-KHB-29/90 
Sandstone: Same as KZN-KHS-27/90. Medium effervescence. 


ZN-KHG-30/90 

SANDSTONE: Light brown to brown, weathers same, medium hard, fine grained, 
thickly bedded, lenticular bedded, fractured, slickenslided, 100% sandstone, Weak 
effervescence, moderately porous. 


ZN-KHS-31/90 
Sandstone: Same as KZN-KHS-30/90. Weak effervescence. 


ZN-KHS-32/90 

CALCAREOUS SANDSTONE: Light brown to whitish brown, weathers same, medium 
hard to hard, fine grained, lenticular bedded, thickly bedded, fractured, calcareous, 60% 
sandstone, 40% carbonate minerals, Medium effervescence, moderately porous. 


ZN-KHS-33/90 

SANDSTONE: Light brown to brown, weathers same, medium hard to soft and friable, 
fine grained, lenticular bedded, thickly bedded, fractured mottled to some greenish white 
minerals (carbonate minerals) Weak effervescence moderately porous, cross bedded. 


ZN-KHS-34/90 
Sandstone: Same as KZN-KHS-33/90. 


ZN-KHS-35/90 

CALCAREOUS SANDSTONE TO SANDSTONE: Brownish red to greenish white, 
weathers brown grey, medium hard to friable, fine grained, massive bedded, lenticular 
bedded, calcareous sandstone includes 60% sandstone and 40% carbonate minerals, 
sandstone includes 100% sandstone, Weak effervescence" moderately porous. 


ZN-NHS-36/90 

FRIABLE SANDSTONE: Light brown to dark brown, weathers same, soft friable, 
calcareous parts medium hard, medium to coarse grained, lenticular bedded, massive 
bedded, 100% sandstone, calcareous parts includes 80% sandstone, 20% carbonate 
minerals, Weak effervescence, highly porous. 


ZN-KHS-37/90 
SANDSTONE: Brown, weathers same, medium hard to friable, thickly bedded, medium 
to coarse grained, 100% friable sandstone, Weak effervescence, highly porous. 


ZN-KHS-38/90 

CONGLOMERATE: Yellowish white to dirty white, weathers light grey to brown, 
medium hard to soft, friable, massive bedded, coarse grained, shaly limonitic, 
ferrugenous, lenticular bedded, gravely, pebbly, 100% conglomerate, Medium 
effervescence, highly porous. 
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TABLE 6.1.3: ACTUAL THICKNESSES 


OF SAND 


SHALE WITH REFERENCE TO FIELD 


APPROXIMATE PERCENTAGES AND RESPECTIVE 
KHEWRA SANDSTONE EXPOSED AT KHAN ZAMAN NALA 


MAJOR/MICRO BEDS, IN 


FORMATION MAJOR BEDS THICK FIELD PERCENTAGE ACTUAL ACTUAL ACTUAL 
NESS SANDSTONE SHALE CARBO 
THICKNESS NATE 
Major Micro Total (cm) Sand = Shale Carbonate Sand Shale Car  Sand/ Clastic 
gypsum bon _ shale ratio 
ate ratio 
UNIT A 5630 cm thick 
Khewra 1 90 90 300 30 70 traces 90 210 - 0.42 - 
Sandstone 
2 60 150 100 70 30 traces 70 30 - 2.33 - 
3 150 300 300 25 60 10/5 75 100 45 - 5.66 
4 120 420 300 15 70 5/10 45 210 45 - 5.66 
5 120 540 200 70 25 D) 140 50 10 - 19.00 
6 250 790 600 30 70 traces 180 420 - 0.42 - 
Wg 80 870 230 30 70 traces 69 161 - 0.42 - 
8 65 935 200 30 70 traces 60 140 - 0.42 - 
9 200 1135 300 30 60 10/0 90 100 30 - 9.00 
10 80 1215 400 15 80 5 60 320 20 - 19.00 
11 30 =1245 100 80 15 5 80 15 5 - 19.00 
12 70 1315 300 30 70 traces 90 210 - 0.42 - 
13 33. 1370 100 60 40 traces 60 40 - 1.5 - 
14 90 ~=1460 100 30 70 traces 30 70 04 2.33 - 
2 
15 25 1485 100 70 30 traces 70 30 - 2.33 - 
16 33-1518 500 45 50 > 225 250 25 - 19.00 
17 75 = 1593 500 65 30 =] 325 150 25 - 19.00 
18 10. ~=1603 400 10 85 5 40 340 20 - 19.00 
19 32 ©1635 600 30 30 40 180 180 240 - 1.5 
UNIT B 6320 cm 
20 - 1636 100 100 - - 100 - - - 7 
21 35 1671 150 80 20 - 120 30 - 4.00 = 
22 - 1672 100 100 - - 100 - = - = 
23 - 1673 150 100 - - 150 - - - - 
24 - 1674 130 100 - - 130 - - - - 
25 3. 1677 200 95 5 - 190 10 = 19.00 = 
26 - 1678 100 100 traces - 100 = = - = 
27 - 1679 100 100 traces - 100 - - - - 
28 3. 1682 100 100 traces - 100 - - - - 
29 - 1683 100 100 traces - 100 = - - = 
30 - 1684 100 100 traces - 100 = = - - 
31 1685 150 100 traces - 150 - - - - 
32 1686 150 100 traces - 150 - - - - 
33 3 1689 100 95 2 - 95 5 = 19.00 = 
34 5 1694 50 60 40 - 30 20 - Ls - 
35 - 1695 125 100 - - 125 - - - - 
36 2 1697 150 98 1 1 147 1.5 1s = 99.00 
37 3 1700 160 99 1 - 158 2 = 79.00 = 
38 - 1701 300 100 traces - 300 - - - - 
39 - 1702 300 100 traces - 300 - - - - 
40 - 1703 250 100 traces - 250 - - - - 
41 7 1710 100 10 60 30 10 60 30 - 2.33 
42 2 1712 200 99 1 - 198 2 - 99.00 2.33 
43 - 1713 300 100 - - 300 - - - - 
44 2 1715 120 100 - traces 120 - - - - 


45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
UNIT B 6320 cm 
62 
63 
64 
65 
66 
67 
68 
69 


NaI 


1717 
1722 
1723 
1724 
1725 
1726 
1727 
1728 
1729 
1730 
1736 
1738 
1739 
1740 
1741 
1742 
1743 


1744 
1745 
1746 
1747 
1748 
1749 
1759 
1751 


185 
300 

60 
140 
100 
100 
100 
150 
100 

70 
200 
120 
170 
140 
100 
200 
300 


500 
300 
200 
200 
650 
300 
300 
200 


00 - 
100 - 
100 - 
100 - 
100 - 

99 - 
100 - 
100 - 
100 - 
100 - 
100 - 

99 1 
100 - 
100 - 
100 - 
100 - 
100 - 


100 - 
100 - 
100 - 
100 - 
100 - 
100 - 
100 - 
100 - 


1 
traces 


1 
traces 


183 
300 

60 
140 
100 


100 
100 
150 
100 

70 
200 
118 
170 
140 


500 
300 
200 
200 
650 
300 
300 
200 


TABLE 6.1.4: THE TABLE DISPLAYS THE AVERAGE SAND, SHALE AND CARBONATE FIELD 
PERCENTAGES AND AVERAGE SAND, SHALE, CLASTIC RATIOS BASED ON THE 
FIELD DATA IN THE KHEWRA SANDSTONE EXPOSED AT KHAN ZAMAN NALA 


FORMATION UNITS = THICKNESS ACTUAL THICKNESS (A) FIELD PERCENTAGE Sand/shale —_Clastic 
OF UNITS ratio ratio 
(CM) Sand Shale Carbonate Sand Shale Carbonate 
(cm) (cm) 
K Ss A 5630 1979 3186 465 40 54 6 0.62 11.10 
H A 
E N B 6320 6187.5 132.5 33.5 96 3 1 46.7 182.3 
W D 
R Ss C = 2650 2650 - - 100. - - - - 
A T 
O FORMATION 
N 14600 10816.5 3310.5 498.5 74 22 4 3.2 28.3 
E 


6.11 THE PETROGRAPHIC STUDIES OF THE KHEWRA SANDSTON 
EXPOSED AT THE KHAN ZAMAN NALA 


6.11.1 INTRODUCTION: 


The Petrographic studies of the Khewra Sandstone were carried out to understand 
the detailed mineral composition of the Khewra Sandstone exposed at Khan Zaman Nala 
and to know the relations of the cement, pore and grains for clear understanding of the 
diagenetic and burial history the Khewra Sandstone. The nature of grains and cement are 
the guidelines to understand the processes responsible closing the pores and, therefore, to 
understand reservoir characters of the formation. About 17 samples were studied for the 
petrographic studies of the Khewra Sandstone from Khan Zaman Nala. The thin sections 
were studied under a polarized microscope and the minerals were identified to know their 
mode of origin. Figure 6.1i.1A provides the lithological log of the Khewra Sandstone 
exposed at Khan Zaman Nala with the stratigraphic locations of the samples studied. 


6.11.2 METHODS OF INVESTIGATION: 

Thin sections were prepared according to the procedure given by Kerr (1959). All thin 
sections were studied under microscope. According to Selley (1976), physical maturity 
(Mp), chemical maturity (Mc) and net maturity (Mn) was calculated by utilizing the 
formulae given in section 1.ii. 


6.11.3 RESULTS: 
DETAILED DESCRIPTION OF THE SAMPLES: 


About 17 representative samples were selected to investigate the mineralogy of 
the Khewra Sandstone. The percentages of minerals were determined, neglecting 
porosity, to compare the results with other workers. Table. 6.11.1 provides the percentages 
of minerals of the Khewra Sandstone. The important observations about each sample are 
given as follows: 


1. KZN-KHS-1/90 

This sample displays sub-rounded to sub-angular quartz grains (34%). The iron oxides, 
clay minerals, randomly oriented mica flakes and carbonates are present in the form of 
cementing materials (70%). The cementing materials appear to be of diagenetic origin. 
The sample Indicates low porosity. 


2. KZN-KHS-2/90 

This sample displays subrounded to angular quartz grains (34%) and some grains of 
feldspar (1%). The iron oxides, carbonates, mica flakes and clay minerals are present as 
cementing materials (65%). The iron oxides are also present as grains. The sample shows 
low porosity. The cement appears to be of diagenetic origin. 


3. KZN-KHS-3/90 

This sample shows the subrounded to subangular quartz grains (28%). The iron oxides, clay 
minerals like chlorite and carbonates are present as cementing materials (72%). The grains of 
glauconite and iron oxides can also be seen. This sample displays the low porosity due to the 
presence of diagenetic cement. 


4. KZN-KHS-5/90 

This sample displays aogular and subrounded quartz grains (40%) and few grains of feldspar 
(3%). The iron oxides, few flakes of mica and carbonates are present in the form of 
cementing materials (57%). The cementing materials appear to be of diagenetic origin and 
due to this cement, the sample shows low porosity. 


5. KZN-KHS-B/90 

This sample shows subrounded quartz grains (59%). The iron oxides, clay minerals and 
carbonates are present as cementing materials (40%). The grains of glauconite and iron 
oxides can also be seen. Few grains of feldspar can also be seen (1%). The cementing 
materials appear to be of diagenetic origin, and due to this cementing material, the sample 
indicates low porosity. The porosity is due to fractures/stylolites and arrangements of the 
grains. 


6. KZN-KHS-9/90 

This sample displays subrounded to subangular quartz grains (61%) as well as grains of 
feldspar (3%). The cementing material in the form of iron oxides, clays and carbonates is 
present (36%), which appears to be of diagenetic origin. The grains of glauconite can also be 
seen. The sample shows medium porosity. The porosity is due to fractures/stylolites and 
arrangements of the sand grains. 


7. KZN-KHS-13/90 

This sample shows subrounded to subangular quartz grains (36%) and few grains of feldspar 
(2%). The cementing material in the form of clay minerals, iron oxides and carbonates is 
present (62%). This cementing material appears to be of diagenetic origin and due to this 
cement, the sample displays low porosity. The iron oxides are amporphous and carbonate is 
mainly calcite with some dolomite. The porosity is due to fractures/stylolites and 
arrangements of the sand grains. 


8. KZN-KHS-14/90 

This sample displays fine grained subrounded to angular quartz grains (40%) and few grains 
of feldspar (1%>. The iron oxides, mica flakes, clay minerals like chlorite and carbonates are 
present in the form of cementing material (59%). The cementing material appears to be of 
diagenetic origin. The sample indicates low porosity. The iron oxides are mainly amorphous 
and occur as coating materials around the sand grains. 


9. KZN-KHS-16/90 

This sample shows subrounded to subangular quartz grains (55%) and few grains of feldspar 
(2%). Carbonates, clays and iron oxides are present in the form of cementing material(43%) 
which is diagenetic. The iron oxides have coated the boundaries of quartz grains. The sample 
indicates medium porosity. The porosity is due to fractures/stylolites and arrangements of the 
sand grains and may be called as secondary and primary porosity, respectively. 


Fess. > “ANOLSON t 


Fig.6.iisA: The figure shows lithological 
log of the Khewra Sandstone exposed at 


Khan Zaman Nala and location of the samples. 


10. KZN-KHS-17/90 

This sample displays subrounded to subangular quartz grains (38%) and grains of 
feldspar (2%). The carbonates, clay minerals like chlorite and iron oxides are present as 
cementing material (60%). The grains of iron oxides can also be seen. The cementing 
material appears to be of diagenetic origin. The sample shows low porosity. The iron 
oxides are mainly amorphous hydrated oxides of iron. The carbonate is mainly calcite. 
The clays are illite and chlorite. 


11. KZN-KHS/19/90 

This sample shows subrounded to subangular quartz (67%) and some grains of feldspar 
(3%). The carbonates, clay minerals like chlorite and iron oxides are present as 
cementing material (30%). The iron oxides are present in the form of coating around the 
quartz grains. The sample shows high porosity. The sample also displays good 
permeability as the fractures connect the pore spaces. The porosity is due to fractures, 
stylolites and arrangements of the sand grains and may be called secondary and primary 
porosity, respectively. 


12. KZN-KHS-23/90 

This sample displays subrounded to subangular quartz grains (48%). The carbonates, clay 
minerals like chlorite and iron oxides grains are present in the form of cementing 
materials (52%). The sample shows medium porosity and may be called a primary and 
secondary porosity due to arrangements of grains and fractures, respectively. 


13 KZN-KHS-24/90 

This sample shows quartz grains which are subrounded to subangular (45%}. The 
carbonates, clay minerals like chlorite and iron oxides are present in the form of 
cementing materials (55%}. The grains of iron oxides can also be seen. The sample 
shows high porosity. 


14. KHZ-KHS-24/90 

This sample displays abundant grains of quartz (78%). The grains are subrounded to 
subangular and fine to coarse. Few grains of feldspar can also be seen (2%). The 
carbonates, clay and iron oxides are present in the form of cementing material (20%) 
which is diagenetic in origin. This sample shows low porosity. The porosity is due to 
fractures and arrangements of the grains. The carbonate cement has blocked the pore 
spaces. Finely crystalline silica can be observed occasionally and blocks the porosity. 


15. KZN-KHS-26/90. 

This sample shows subrounded to subangular quartz grains (25%). The carbonates, clays 
and iron oxides are present as cementing material (75%). Abundant iron oxides are 
present in the form of coating around the grains of quartz. The cements appear to be of 
diagenetic origin, and due to this, sample shows low porosity. The iron oxides are 
amorphous and occur as hydrated oxides of iron. Finely crystalline silica can be observed 
occasionally. 
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Fig:¢-i,j0he Petrographic subclassification of the Khewra’ Sandstone (Khan Zaman Nala) 
as a Graywacke ( After,Gilbert 1954 ). The Khewra Sandstone graywacke varies 
from lithic wackes to subfelspathic lithic wacke, > 


16. KZN-KHS-38/90 

This sample displays fine grained, subrounded to subangular grains of quartz (32%). The 
carbonates, iron oxides and clays like chlorite are present in the form of cementing 
materials (68%). The cementing process occurred in several diagenetic stages as the 
nature of crystals of carbonate and clay revealed. The sample shows medium porosity. 
The porosity is due to fractures and arrangements of the sand grains and may be called as 
secondary and primary porosity, respectively. The sample shows high permeability due to 
fractures. 


17. KZN-KHS-32/90 

This sample shows subrounded to subangular quartz (35%) while carbonates, clay and 
iron oxides are present in the form of cementing material (65%). The cements appear to 
be of diagenetic origin and so the sample displays the low porosity. The oxides of iron 
are mainly amorphous and appear as the hydrated oxides of iron. The clays are mainly 
illite and chlorite. 


DIAGENESIS AND POROSITY 


These studies of individual samples indicate that most of the cementing materials 
are diagenetic and are responsible for blocking the porosity of the originally clean and 
porous sands. The approximate porosities were determined to understand the porosity of 
the Khewra Sandstone from its base to its top. The table. 6.11.2 provides the approximate 
porosity of the samples. The table indicates that the porosities varies between 1-20% . 
The individual samples show permeability due to stylolites and fractures. The stylolites 
or fractures created due to pressure solutions are generally filled with the secondary 
cement, mostly clay minerals and carbonates, but sometimes these can be observed as 
communicating spaces between the pores. The porosity may be further classified as the 
primary porosity and secondary porosity. The primary porosity was observed between the 
spaces found in grains. The secondary porosity was found as fractures and stylolites. The 
primary cements are often removed giving rise to the secondary porosity. 


6.11.4 CLASSIFICATION AND MATURITY OF THE KHEWRA SANDSTONE 


Figure. 6.11.1 provides the petrographic classification of the Khewra Sandstone 
from Khan Zaman Nala after Pettijohn (1954}. This figure shows that the Khewra 
Sandstone exposed at the Khan Zaman Nala is a graywacke as all points fall in the "D" 
area. The triangle displays that the matrix and quartz are the dominant factors in this 
classification. The third variable of the triangle including feldspars and rock fragments is 
not a very important factor. Table. 6.11.1 provides the petrographic percentages of these 
variables. 


Figure. 6.11.2 provides the petrographic sub-classification of the Khewra 
Sandstone as 'a graywacke plotted after William . et al, (1954}. This figure shows that the 
Khewra Sandstone varies from lithic wackes to subfelspathic lithic wackes in further sub- 
classification as most of the points lie in B and C areas of the triangle. The variables 
quartz and unstable fine grained rock fragments play an important part in this 
classification (Table. 6.11.1). 


Figure. 6.11.3 provides the textural and chemical maturity plot on a triangle with 
matrix, clay and feldspars as three variables after Selley (1976). Most of the points fall in 
area A, representing the area of quartz wackes. It is concluded that according to Selley 
(1976), the Khewra Sandstone can be classified as quartz wackes. This indicates that 
these sandstones are moderately matured for their chemical maturity (Table. 6.11.1). 


Figure. 6.11.4 displays the end member triangular classification of the Khewra 
Sandstone from Khan Zaman Nala for maturity indices after Selley (1976). The three 
variables are Mn (net maturity), Mp (physical maturity) and Mc (chemical maturity) 
(Table. 6.11.3) was calculated according to the formulae provided by Selley (1976). These 
variables are calculated from the percentage composition of matrix, stable grains and 
unstable grains. This figure indicates that the samples of the Khewra Sandstone are 
chemically mature as the indices fall between 93 to 100 % and display intermediate to 
low trends for physical maturity and high net maturity. The lower physical maturity is 
most likely due to the diagenetic cementing materials. Table. 6.11.3 provides the details of 
these indices. 


Figure. 6.11.5 displays the end member triangle to illustrate the mineral 
composition of the Khewra Sandstone (Table 6.11.1) from Khan Zaman Nala as a function 
of textural maturity expressed as matrix, and chemical maturity expressed as unstable 
grains (Selley, 1976). The triangle includes three variables called as matrix, unstable 
grains and stable grains (After Selley, 1976). The triangle shows that all points plot in a 
direction of increasing chemical maturity and, therefore, the Khewra sandstone may be 
called a chemically matured sandstone. 


6.11.5 DISCUSSION: 


The mineral composition, rock fragments and matrix (cementing material) were 
plotted on triangles given by Pettiyohn (1954) and William et al, (1954). Figures. 6.11.1 
and 6.11.2 provide these triangular plots for the classification of the Khewra Sandstone 
from Khan Zaman Nala. According to the results, Khewra Sandstone is found to be a 
graywacke by Pettijohn and Lithic to subfelspathic lithic graywacke by William et al, 
(1950. Tucker (1985) stated that the characteristic feature of graywackes is the fine 
grained matrix which displays an intergrowth of the chlorite, sericite and fine grains of 
quartz and feldspars. He stated that the graywackes are mostly Paleozoic and were 
associated with greenstones of eugeosynclinal fold belts. 
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Fig:6112 A classification of the Khewra Sanas.one from Khan Zaman Nala baSed on the use of clay as an 
dicator of textural maturity and Feldspar as an index of chemical maturity (After, Selly 1976). 
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Fig:@ii4, End member triangle in which the Khewra Sandstone from Khan Zaman Nala is plotted to illustrate its . 


maturity indices expressed as the percentage composition of matrix, stable and unstable grains 
(After, Selly 1976). 
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Selley (1985) stated that the graywackes are poor!y sorted sandstones with 
abundant matrix, feldspar and or rock fragments. Selley (1976) stated that chemically 
immature wackes are the classic graywackes and defined them as texturally immature 
sand with more than 15% matrix. He further stated that the matrix is a microcrystalline 
paste of clay minerals, sericite, chlorite, carbonates and quartz. The grains of the 
graywackes are poorly sorted and are commonly angular, where quartz is overshadowed 
by an abundance of other detrital minerals. According to Selley (1976), micas are 
abundant and included both muscovite and biotite. He stated that the presence of 
authigenic minerals and the corrosion of detrital grains indicates that some of the matrix 
is diagenetic in origin. He further strengthened his point by stating that typical wackes are 
largely Pre-Cambrian and Paleozoic in age. Selley (1976) concluded that due to 
increasing transportation, the quartz wackes lose their clay content with the genesis of a 
rock type which is called sub-graywacke and may be found in both fluvial and deltaic 
facies. The Khewra Sandstone exposed at the Khan Zaman Nala represents a chemically 
mature sandstone and may be finally called as a quartz wacke of Selley (1976). 


The mineral composition of the sandstones provides idea about its chemical 
maturity, physical maturity and net maturity and, therefore, indicates the cycles of 
sedimentation. The chemically mature sediments are generally polycyclic in origin while 
chemically immature sands generally represent first cycle materials derived from igneous 
and high grade metamorphic rocks. The Khewra Sandstone exposed at Khan Zaman Nala 
appears to be of polycyclic in origin. 


The petrographic classification of the sandstones, according to Selley (1976), 
provides the idea about the nature of sandstone and displays that these sandstones are 
actually quartz wackes or lithic wackes (Fig. 6.11.3). The sandstones are chemically 
mature as the indices fall between 93.02 to 100% (table. 6.11.3 and figure. 6.11.4) and 
display intermediate trends for physical maturity and high net maturity. The net 
maturities are the resultant maturities. It is, therefore, concluded that the Khewra 
Sandstone was deposited as a chemically and physically mature sandstone. These 
sandstones are polycyclic (eroded sedimentary sandstones) and were transported into the 
depositional basin after travailing reasonable distances through oxidizing conditions and 
were deposited into deltaic environment (Selley 1976). The red colour of the sandstone is 
due to coating of the iron oxide on the quartz grains which was partly due to oxidation on 
the continent and partly due to diagenetic solutions rich in the dissolved iron oxides. The 
sandstones occasionally display green colours as well as glauconitic materials. These 
indicate a wave dominated delta area (Selley, 1976). 


The presence of high amount of cementing material in the sandstone is due to the 
presence of diagenetic cement originated due to diagenetic solutions of iron oxides, 
carbonates, finely crystalline silica and some diagenetic clays such as sericite, chlorite 
and the mixed layer clay minerals. It is likely that originally the matrix in these 
sandstones was not as high as it is present now and is falsely represented as a graywacke 
in most of the samples. It is, therefore, concluded that petrographically these sandstones 
were partly lithic graywackes of delta front environment and partly deltaic. 


A quick review of the Pre-Cambrian deposits in Salt Range indicates that Pre- 


Cambrian rocks contain mostly evaporites, carbonates, sandstones, marls, shales and 
basalts. The Cambrian, rocks mostly contain deltaic sandstones, turbidite type of facies, 
shoreline facies, intertidal facies and lagoonal facies. A review on the type of sediments 
and basin indicates that the Khewra Sandstone from Khan Zaman Nala was deposited in a 
basin resembling from epicratonic to miogeosyncline. 


6.11.6 SUMMARY AND CONCLUSION: 


ill. 


Vi. 


The grains of Khewra Sandstone include mainly quartz grains with some 
feldspars and rock fragments. The cementing materials are carbonates, iron oxides 
and clay minerals with some silica. The cement is mainly diagenetic in 
origin. 


The Khewra Sandstone appears to be a graywacke on the triangular plot provided 
by Pettijohn (1954). 


The petrography of the Khewra Sandstone on the triangular plot of William et al, 
(1954) indicates that these sandstones vary from lithic wackes to sub-felspathic 
lithic wackes. 


The Khewra Sandstone may be classified as quartz wackes and as a chemically 
matured sandstone, according to the classification provided by Selley (1976). 


TheKhewra Sandstone was deposited as a polycyclic sedimentary material into 
the depositional basin. 


The depositional basin of the Khewra Sandstone may be classified as a basin from 
epicratonic to miogeosyncline. 
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Fig:6.ii.5 End member triangle illustrates the composition of the Khewra Sandstone from Khan Zaman Nala 
is a function both of its textural maturity, expressed as matrix content, and of chemical © 


maturity, expressed as unstable grains (After, Selly 1976)_ 


TABLE 6.ii.1 THE TABLE PROVIDES THE PERCENTAGES OF MINERALS OF THE 
KHEWRA SANDSTONE EXPOSED AT KHAN ZAMAN NALA, IGNORING 


POROSITY. 

Thin Section % of Quartz % of Matrix % of Feldspar 
1/90 30 70 - 
2/90 34 65 1 
3/90 28 72 - 
5/90 40 57 3 
8/90 59 40 1 
9/90 61 36 3 
13/90 36 62 2 
14/90 40 59 1 
16/90 55 43 2 
17/90 38 60 2 
19/90 67 30 3 

23/90 48 52 - 
24/90 45 55 - 
24/90 78 20 2 
26/90 25 75 - 
31/90 30 70 - 
32/90 35 65 - 
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TABLE 6.ii.2 THE TABLE SHOWS THE POROSITY OF THE SAMPLES OF 
THE KHEWRA SANDSTONE EXPOSED AT KHAN ZAMAN NALA. 


Thin Section No. 


% of Quartz 


KH-KHS- 
1/90 
2/90 
3/90 
5/90 
8/90 
9/90 

13/90 
14/90 
16/90 
17/90 
19/90 
23/90 
24/90 
24/90 
26/90 
31/90 
32/90 


NH Se Se NN AB 


— 


TABLE: 6.ii.3. THE TABLE PROVIDES THE PERCENTAGES OF PHYSICAL, CHEMICAL & NET 
MATURITIES OF KHEWRA SANDSTONE EXPOSED ATKHAN ZAMAN NALA. 


SAMPLE NO. PHYSICAL CHEMICAL MATURITY — NET MATURITY 
MATURITY (MP) (MC) (Mn) 
KZN-KHS- 
1/90. 30 100 65 
2/90. 34.34 97.14 65.74 
3/90. 28 100 64 
5/90. 41.24 93.33 67.13 
8/90. 59.60 98.33 78.97 
9/90. 62.89 95.31 79.1 
13/90. 36.73 94.74 65.74 
14/90. 40.40 97.56 68.98 
16/90. 56.12 96.49 76.31 
17/90. 38.78 95 66.89 
19/90. 69.07 95.71 82.39 
23/90. 48 100 74 
24/90. 45 100 72.5 
24/90. 79.59 95.5 87.55 
26/90. 35 100 62.5 
31/90. a7 100 66 
32/90. 35 100 67.5 
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6.111 SEDIMENTOLOGICAL STUDIES OF THE KHEWRA SANDSTONE 
EXPOSED AT KHAN ZAMAN NALA, WESTERN SALT RANGE, 
PUNJAB, PAKISTAN 


6.11.1 ABSTRACT: 


The Khewra Sandstone exposed at Khan Zaman Nala in western Salt Range 
displays a complete geological representative unit in the area. The Khewra Sandstone 
exposed at Khan Zaman Nala can be divided into three units called as unit A, B and C 
from its base to its top, respectively. About 38 samples were collected from the base to 
the top of the formation representing all variable lithologies. The grain size analyses was 
carried out using sieving and hydrometer methods to determine the coarser and finer 
fraction respectively. The grain size analyses and the field characteristics display that the 
grain size of Khewra Sandstone gradually increases from its base to the top of the 
formation. The Khewra Sandstone exposed at Khan Zaman Nala can be texturally 
divided into two classes termed as siltysand and sandysilt. The depositional environments 
of the Khewra Sandstone has been concluded as a deltaic environment. The lower unit or 
unit A has been placed as the bottomset deposits ofa delta; the middle unit or unit B h@s 
been called as the fore set to bottom set part of a delta and the upper unit or unit C can be 
called as top set sedimentary sequence of a delta. 


6.11.2 GEOLOGY OF KHEWRA SANDSTONE EXPOSED AT KHAN ZAMAN NALA 


The Khewra Sandstone exposed at Khan Zaman Nala consist of fine grained 
sandstone of purple to dark brown colour can be observed as steep ridges in the northeast 
of the Chidru village. This is the only representative section where a complete Khewra 
Sandstone can be observed in the Westerns Salt Range. In the east of the Khan Zaman 
Nala the outcrops of complete Khewra Sandstone can not be observed and the sameis 
true towards the west of the Khan Zaman Nala. The sandstone consists of fine grained to 
silty sands with shaly beds towards its base. The colour of the sandstone gradually 
changes from dark brown and purple to light brown and whitish brown towards the top. 
The grain size also increases from fine grained to coarse grained towards the top of the 
formation. The Khewra Sandstone exposed at Khan Zaman Nala can be divided into three 
units on the basis of its lithologies and bedding characters. The lower unit or unit A 
includes siltyshales to thinly bedded siltstones with occasional lenticular carbonate beds. 
The colour is dark purple to dark brown and the siltstone display graded bedding. The 
middle unit or unit B consists of medium to thick bedded siltstones and sandstones which 
gradually becomes massive towards the top of the unit. The grain size increase towards 
the top of the unit. Similarly, colour changes from dark brown to light brown towards the 
top. The upper unit or unit C consist of fine grained to massive bedded, cross-bedded 
sandstones. The colour of the Khewra Sandstone changes from light brown to whitish 
brown towards the top. The grain size also increases from fine grained to medium and 
coarse grained towards the top of the formation. The Khewra Sandstone generally display 
dark brown to purple colour into the basal and middle units, but occasionally light colour 
sandy streakes can’be seen which, are probably wind driven sands. 
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The Khewra Sandstone also displays crescent like lenticular sandy beds in the unit 
C and it could be due to the intrusion of light colour sands into brownish colour heavy 
sands due to gravity. Figure 6.111.1. gives the lithologic log of the Khewra Sandstone with 
the stratigraphic position of the samples to be investigated. The Khewra Sandstone 
overlies the Salt Range Formation with a slight disturbance but the dark purple colour of 
the sandstone helps in its identification from the Salt Range Formation of bright red 
colour. The contact can be called as conformable contact ignoring the slight disturbance 
without the lower lying Salt Range Formation. The upper contact with the overlying 
Kussak Formation is disconformable with a two meter bed of conglomerate on the top of 
the formation. The Khewra Sandstone has been assigned a lower to middle Cambrian age 
by the Fatmi (1973) and Shah (1977). A regional comfarison of the Sandstone indicates 
that it is most likely Infra-cambrian in age. 


MATERIAL: 


Thirty eight (38) samples were collected from the top to the base of the formation 
to represent all the variable lithologies in the three units of Khewra Sandstone. About 36 
samples were selected for grain size analyses. Figure. 6.111.1 gives the stratigraphic 
location of the samples. Fig. 6.111.1 also displays the lithological log of the Khewra 
Sandstone exposed at Khan Zaman Nala and the actual weight percentages of sand, silt 
and clay detected in the Khan Zaman Nala. The figure shows that the clay and silt 
gradually decreases from the base to the top of the formation where the sand gradually 
increases toward the top of the formation. 


6.11.3 RESULTS: 


Table. 6.111.2 gives the grain size analyses data of Khewra Sandstone with respect 
to units A, B and C for 36 samples from the base to the top of the formation. This table 
also provides the textural classification of each sample in terms of Folks (1957) 
nomenclature. Appendices 1-38 give the grain size analyses for each sample utilizing 
sieve and hydrometer methods. Figure. 6.ii1.2 gives the histograms (a) and cummulative 
frequency curves (b) for each sample of the unit A according to appendices 1-13. All the 
histogram of unit A are unimodel, asymmetrical and represent dominant weight 
percentages for silt fraction. Most of the histograms resemble each other indicating 
similarity in the process of depositional medium. The cummulative frequency curves for 
unit A display also similarity with each other in shape and steepness and indicate 
dominance of the silt fraction with better sorting. Fig. 6.111.3 provides the histograms (a) 
and cummulative frequency curves (b) for each samples taken from unit B according to 
appendices 14-28, respectively. The histograms are asymmetrical, unimodel and display 
dominance of silt in sample KZN-KHS-14/90, KZN-KHS-15/90, KZN-KHS-16/90 and 
KZN-KHS-22A/90, while rest of the samples in unit B display dominance of sand 
fraction. The similarity in the nature of histograms indicate the similarity in the 
depositional medium and the shape appears due to combination of the depositional 
processes such as, transportation through channel, beach environment and probably delta 
front environment. The cummulative frequency curves (Fig. 6.111.3 b) also resemble to 
each other and represent moderately steep nature reflecting better sorting. 
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Figure 6.111.4 (a) shows the histograms and cummulative frequency curves (b) 
for nine samples of unit C according to appendices 30-38, respectively. The histogram 
for each sample appeared to be asymmetrical, unimodel and display dominance of sand. 
Similarity of histograms shows the uniformity of depositional medium and appears to 
be due to the material transported by rivers and deposited by the beach environment in 
shallow waters. The cummulative frequency curves are reasonably steep and indicate a 
good sorting of the sand. The shape of the cummulative frequency curves resemble with 
the cummulative frequency curves of river sand given by Selley (1976). 


Fig. 6.111.5 A gives the frequency curves of the average weight percentages plotted 
against the grain size in Phi-unit for unit A according to table. 6.111.2. The curves given by 
12 samples of unit A are asymmetrical, positively skewed and leptokurtic to platykurtic 
in nature. The similarity of curves to each other reflects the uniformity of depositional 
medium during the deposition of unit A. Figure. 6.111.5 (B) provides the frequency curves 
of the weight percentages plotted against grain sizes in Phi-units for the unit B of the 
Khewra Sandstone for 15 samples. These curves are positively skewed and leptokurtic to 
platykurtic in nature. This represents a similarity and uniformity of the depositional 
medium responsible for the deposition of unit B. Figure 6.111.5 (C) shows the frequency 
curves of weight percentages against gain sizes (Phi-unit) for 9 samples of unit C. The 
frequency curves for 8 samples resemble to each other without the exception of the curve 
for the sample KZN-KHS-35/90. These curves represent dominance of sand followed by 
silt and clay. The similarity in the nature of the curves shows that the unit C was 
deposited in the same environment. The nature of the curves indicates that the unit C was 
deposited in the combination of river transported material and beach environment. 


Figure. 6.i11.6 shows the histograms (a) and cummulative frequency curves (b) of 
the textural classes of unit A termed as siltysand and sandysilt, respectively. The 
histogram for siltysand (4 samples) display dominant fraction of sand 51.26 %, followed 
by silt (42.62 %) and minor clay 4.79 %. The histograms prepared for sandysilt (8 
samples) shows dominance of silt (60.29 %), followed by sand 34.52 % and minor clay 
(4.33%). The histograms are asymmetrical and appears to be unimodel. The cummulative 
frequency curves for siltysand and sandysilt are fairly steep and display better sorting of 
siltysand and sandysilt, respectively (table 6.i11.4). Fig. 6.111.7 shows the frequency curves 
for weight percentages plotted against grain sizes (Phi-unit) for the two textural classes 
termed as siltysand and sandysilt" respectively. The curves display positive skewness, 
asymmetrical peak and platykurtic to leptokurtic nature. This shows that siltysand and 
sandysilt were deposited in similar conditions. Figure 6.111.8 displays the histograms (a) 
and cummulative frequency curves (b) for the textural classes called sandysilt and 
siltysand for unit B, respectively. The histograms for sandysilt (3 samples) display 
dominant silt (60.65%) followed by sand (35.91%) and minor clay 3.12 % (Table. 6.11.4). 
The histogram is unimodel and display asymmetrical distribution. The histogram for 
siltysand shows dominantly sand (61.85) followed by silt (33.44%) and minor clay which 
is 3.34% (Table. 6.111.4). The histogram is unimodel and show asymmetrical distribution. 
The cummulative frequency curves for sandysilt and siltysand are moderately steep and 
display better sorting of sandysilt and siltysand, respectively. Figure. 6.111.9 shows the 
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weight percentage plotted against grain size in form of frequency curves for two textural 
classes called as siltysand and sandysilt. The curves are positively skewed and are 
platykurtic to leptokurtic in nature and display similar conditions of deposits with minor 
differences in the energy of depositional medium. Figure 6.111.10 gives the histograms (a) 
and cummulative frequency curves (b) for 9 samples of siltysand in unit C of the Khewra 
Sandstone exposed at Khan Zaman Nala. The histograms show unimodel, asymmetrical 
distribution while the cummulative frequency curve is fairly steep and indicates better 
sorting. The curves resemble to the curve prepared for river sand given by Selley (1976). 
The histograms display dominant silt (67.97 %>, followed by silt (28.75%) and minor 
clay (2.85%>. Figure 6.111.11 shows the weight percentages plotted against grain sizes 
(Phi-unit) in form of frequency curves for 9 sample of sandysilt of unit C. The curve 
appears to be leptokurtic to platykurtic in nature and positively skewed. Figure 6.111.12 
displays the histograms (a) and cummulative frequency curves (b} for the two textural 
classes of Khewra Sandstone exposed at Khan Zaman Nala. The histograms of both 
textural classes are unimodel and asymmetrical. The cummulative frequency curves are 
moderately steep and show a better sorting of sandstone. Figure. 6.111.13 displays the 
frequency curves prepared for the two textural classes of Khewra Sandstone as a 
formation. The curves are platykurtic to leptokurtic in nature and positively skewed 
indicating similar conditions for the deposition of sandysilt and siltysand with minor 
differences in the energy of depositional medium. 


Table 6.111.3 provides the summary statistics of the grain size parameters for 
graphic mean size (MA, graphic standard deviation (6G), graphic skewness (SKG), 
graphic kurtosis WS), coarsest one percentile (C)and median diameter (M) for the all 
individual samples, respectively. These statistical parameters were plotted as scattered 
diagrams with various combinations to evaluate their interrelationship and _ their 
effectiveness in differentiating the textural classes observed in the Khewra Sandstone 
(Fig. 6.11.14). Figure 6.11.14 (A) shows the plot of graphic mean size (Mz) against the 
graphic standard deviation (6G). The plot displays a positive correlation indicating that 
standard deviation is directly proportional to mean size. Figure 6.111.14 (B) shows the plot 
of graphic mean size (MA the points of sandysilt and silty sand are randomly distributed 
and it could be due to the various proportion of the two textural classes. Figure. 6.111.14 
(C shows the distribution of points plotted for graphic mean size (Mz) against the graphic 
Kurtosis (KG). The points are randomly distributed and indicate variation of energy 
during the deposition of siltysand and sandysilt, respectively. Figure. 6.111.14 (D) displays 
the plot of graphic skewness (SKG) against graphic standard deviation (6G). Most of the 
points form one cluster with the exception of some lying away from the main cluster. 
This could be due to variation in the energy of depositional medium reflecting that the 
conditions for the deposition of these sandstones were occasionally disturbed. Figure 
6.11.14 (E) shows the plot of graphic Kurtosis (KG) versus graphic standard deviation 
(6G). The plot shows the same situation in Fig. 6.111.14 (D) and indicate some point away 
from the main cluster. Figure 6.111.14 (F) shows the plot of graphic Kurtosis against the 
graphic skewness and display that most of the points form one cluster with the exception 
of six points. It again reflect changes in the energy of the depositional medium 
responsible for the deposition of the Khewra Sandstone. 
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Fig: 6.i1i1.7. Frequency curves of textural classes of Khewra 
Sandstone from Khan Zaman Nala Unit A. 
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FIG. 46.311.9:. FREQUENCY CURVES OF TEXTURAL CLASSES GF KHEWRA 
SANDSTONE FROM KHAN ZAMAN NALA, UNIT &. 
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FIG. 6111.9. A) HISTOGRAMS. BE) CUMMULATIVE FREQUENCY CURVES OF 
4 TEXTURAL CLASSES OF KHEWRA SANDSTONE EXPOSED AT KHAN ZAMAN 
~; NALA, UNIT B. 
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FIG. 6.114.188. &) HISTOGRAMS. B) CUMMULATIVE FREQUENCY CURVE OF 
TEXTURAL CLASSES OF KHEWRA SANDSTONE EXPOSED AT KHAN ZAMAN 


NALA, 


The scatter diagrams of different combinations of the statistical parameters help in 
differentiating between the various textural classes of the Khewra Sandstone. The inter 
relationship of the grain size parameters help in differentiating the energy of depositional 
medium and indicates the two energies of the medium, low energy and comparatively 
high energy. The low energy of medium was interpreted as environment in the delta front 
areas to form the bottom set deposits while the high energy was interpreted as the 
transported materials through river channels. Table 6.111.4. gives the summary statistics of 
grain size parameters of main size fractions of two textural classes named as siltysand 
and sandysilt. The siltysand was found in 4 samples in unit A in 12 samples in unit B and 
9 samples in unit C. The table shows that the siltysand gradually increases from base to 
the top of the formation in units A, B and C while the sandysilt gradually decreases from 
the base to the top of the formation. The fraction of silt gradually decreases in the 
siltysand from base to the top and was observed as 42.62 % in unit A, 33.44% in the unit 
B and 28.75 % in unit C respectively. Similarly the clay fraction decreases from the base 
towards the top of the formation and was observed as 4.79 % in unit A for siltysand and 
4.33 % for sandysilt. The clay fraction in unit B is 3.34% for siltysand and 3.12 % in 
sandysilt respectively. In unit C the proportion of clay is 2.85 and verifies the decrease of 
clay from base to the top of the formation. The sandysilt was observed in unit A (8 
samples) and unit B (3 samples). As sandysilt was not found in unit C reflecting the 
gradual coarsening of the grain size from the base to the top of the formation. Table 
6.111.5 shows the summary statistics of average weight percentages of various textual 
classes of Khewra Sandstone as a formation. The table displays only two textural classes 
called as siltysand and sandysilt. The siltysand was found in 25 samples with an average 
weight percentages of 62.46 % sand, 33.22 % silt and 3.4 % clay. The sandysilt 
dominants in 11 samples with an average weight percentage of 60.31 % silt, 34.9 % sand 
and 4.00 % clay. This observation also confirms the coarsening of the grain size towards 
the top of the formation. 


FIG. &.ii%.45, FREQUENCY CURVES OF TEXTURAL CLASSES OF KHEWRA 
SANDSTONE FROM KHAN ZAMAN NALA. 
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FIG. 6.121.122. HISTOGRAMS. B) CUMMULATIVE FREGUENCY CURVES OF 
TEXTURAL CLASSES OF KHEWRA SANDSTONE EXPOSED AT KHAN ZAMAN 
NALA. 
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FIG. 4.i11.14. SCATTER PLOTS BETWEEN VARIOUS GRAPHIC PARAMETERS 
OF KHEWRA SANDSTONE FROM KHAN ZAMAN NALA. 
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6.11.4 DISCUSSIONS 


The grain size analyses of the Khewra Sandstone investigated in the present work verifies the 
field observation of coarsening grain size towards the top of the formation. The Khewra 
Sandstone consists of thinly bedded siltstones and shales at its base, medium to thick bedded 
siltstone, sandysilt and siltysand in the middle part and fine grained sandstone in the upper 
part. This type of lithology can be generally observed in the deltaic deposits. Fisk et al. 
(1954) provided the details of sedimentary units in the bird foot delta of Mississippi river. He 
stated that the present day facies can be correlated with delta platform deposits obtained from 
borings. He further stated that the factors controlling the delta growth are the load of rivers, 
number of main distributory of the rivers, depth of water into which delta front advances and 
subsidence. He provided the detailed cummulative frequency curves for the selected surface 
and subsurface samples representatives of various sedimentary facies from the Mississippi 
delta. The cummulative frequency curves of the Khewra Sandstone for its unit A, B, C and 
the Khewra Sandstone as a formation resemble the cummulative frequency curves provided 
by Fisk (1954) for the Mississippi delta. Van Straaten (1959) gave the details about the 
environments and structures of the tidal flates, coastal lagoons, beach deposits, submarine 
barrier deposits, submarine deltaic deposits, normal open shelf deposits and bay sediments. 
He defined four part of a submarine delta. The first part of the delta are the delta front 
platform defined as the shallow area immediately in form of the subareial part of the delta 
and includes inter distributary base which are left open between the advancing curve of 
adjacent distributary channel. The second part was prodelta slope and was defined as the 
slope with varying width and continues to depths that vary according to the relief of the 
forelying sea floor. The third part was called as the open shelf with the influence of the delta 
sediments. The fourth was called as the areas of reworked -older delta deposits and old shelf 
areas. Scrutton (1964) recognized the geometry of the Mississippi delta and called them as 
the delta front silts and sands, prodelta siltyclays and offshore clays. Rain water (1976) 
pointed out that the thickening in vertical sequence of sediments gives their depositional 
environments. Kruite (1955) studied the sediments of Rhone delta and observed that the grain 
size increased towards the top of the sedimentary deltaic sequence. The grain size studies of 
Khewra Sandstone exposed at Khan Zaman Nala indicate that the sandstone is composed of 
only two textural classes termed as sandysilt and silty sand, respectively (Folk, 1957). 
Figures. 6.11.2, 6.111.3, 6.11.4, 6.111.6, 6.111.8, 6.11.10 and 6.i11.12 displays histograms and 
cummulative frequency curves for the individual samples, their respective units A, B, C and 
Khewra Sandstone as a formation. The histograms are generally unimodel and display major 
contribution due to siltysand with subordinate sandy silt. The cummulative frequency curves 
are reasonably steep and display moderate sorting. Khalaf. Al. Bakri (1984) provided the 
cummulative frequency curves showing grain size distribution of the siltysand, sandysilt and 
other lithologies from the offshore areas of Kuwait and classified the sediments according to 
their textural classes. The cummulative frequency curves of the present work are close to the 
curves of siltysand and sandstone. Keith (1960) gave the detail of the coastal and eustrian 
sediments dynamic and plotted the cummulative frequency curves for grain sizes in Phi- units 
against cummulative weight percentages. He stated that the importace of the shape of 
cummulative frequency curves for grain size distribution can be appreciated for the 
depositional energy of the sediment. 
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6.11.5 SUMMARY AND CONCLUSION 


i. The Khewra Sandstone exposed at Khan Zaman Nala can be divided texturally 
into two textural classes called as siltysand and sandysilt. The siltysand dominates and 
was observed in 25 samples 62.46 % of sand 33.22 % of silt and 3.4 % of clay. The 
sandysilt is the next dominant textural class and observed in 11 samples with 60.31 % of 
silt 34.9 % sand and 4.00 % clay. 


ii. The Khewra Sandstone exposed at Khan 2aman Nala displays an increase of grain 
size from base to the top of the formation. The frequency of the occurrence of 
comparatively coarser material increases towards the top. The textural classification, the 
cummulative frequency curves, the histograms, the frequency curve, the C-M diagram 
and scatter plots indicate that the Khewra Sandstone was most likely deposited in the 
deltaic conditions. The unit A was deposited as the bottom set deposits & unit B shows 
delta slop to bottom set types of deposits with occasional channel influences. The unit C 
shows the top set beds of a delta sequence. 


iii. The detritus of the Khewra Sandstone was transported mostly from a continent 
located towards the south and south east through rivers and partly through winds. 


THE TABLE GIVES SIZE AND MESH NO. OF SIEVES USED FOR 


TABLE 6.iii.1 
GRAIN SIZE ANALYSES OF THE OF THE THE KHEWRA 


SANDSTONE 
MESH SIZE IN MILLIMETERS 

4 (4-2) 
10 (2-1) 
18 (1-0.5) 
35 (0.5-0.25) 
60 (0.25-0.125) 
120 (0.125-0.0625) 
200 (0.0625-0.0039) 


TABLE: 6.iii.2. SEDIMENTOLOGICAL ANALYSES OF THE KHEWRA SANDSTONE 
EXPOSED AT KHAN ZAMAN NALA 


SAND SILT CLAY REMARKS 
Sample COARSE MEDIUM FINE V.FINE COARSE MEDIUM FINE V. FINE 
No. 1.0-0.5 (0.5-0.25)  (0.25-  (0.125- — (0.625- (0.031- (0.0156- — (0.F0078- (<0.0039) 
KZN- mm mm 0.125) 0.0625) 0.031) 0.0156) 0.0078) 0.039) . 
KHS- mm mm mm mm mm mm ae 
UNIT A 
1/90 3.10 25.35 38.10 18.30 8.32 3.10 2.57 Sandy Silt 
2/90 21.38 22.45 26.14 14.81 6.58 4.06 3.78 Sandy Silt 
3/90 4.45 25.44 35.54 19.74 4.82 4.60 4.60 Sandy Silt 
4/90 9.14 22.07 36.20 21.51 3.94 3.15 3.15 Sandy Silt 
5/90 9.20 22.77 32.05 18.10 6.47 5.29 5.29 Sandy Silt 
6/90 11.53 29.07 22.54 11.20 9.02 7.89 7.89 Sandy Silt 
7/90 12.14 37.87 29.62 9.06 4.12 3.29 3.29 — Silty Sand 
8/90 12.62 37.39 26.78 6.83 5.30 5.31 5.31 Silty Sand 
9/90 5.46 26.61 48.23 10.87 2.99 2.56 2.56 Sandy Silt 
10/90 8.83 29.31 39.32 7.26 4.80 4.81 4.81 Sandy Silt 
12/90 8.64 43.24 25,22 11.32 3.54 3.54 3.54 Silty Sand 
13/90 15.38 40.15 15,45 7.04 7.02 7.03 7.03 Silty Sand 
UNIT B 
14/90 5.06 32.39 40.80 10.90 3.35 3.35 3.35 Sandy Silt 
15/90 9.02 26.04 43.43 13.47 4.67 1.62 1.00 Sandy Silt 
16/90 7.22 54.36 17.47 6.16 4.63 4.63 4.63 — Silty Sand 
17/90 5.02 57.20 16.12 6.59 5.49 4.39 4.39 — Silty Sand 
18/90 11.50 43.30 20.09 13.10 4.36 3.49 3.49 — Silty Sand 
19/90 29.26 41.62 9.61 5.71 4.80 4.20 4.20 Silty Sand 
20/90 5.34 61.40 13.07 6.95 5.05 3.80 3.80 Silty Sand 
21/90 12.45 43.35 17.98 14.69 4.09 3.74 3.20 Silty Sand 
22/90 11.16 44.47 20.56 14.96 4.09 3.74 3.20 Silty Sand 
22A/90 3.12 32.10 36.78 12.80 4.93 4.93 4.93 Sandy Silt 
24/90 8.09 S721 19.47 5.21 3.48 3.12 2.62 Silty Sand 
25/90 3.80 62.20 21.12 5.29 3.53 1.92 1.92 Silty Sand 
26/90 6.61 61.56 15.38 5.05 3.60 3.60 3.60 Silty Sand 
28/90 5.09 45.36 28.01 8.40 4.62 3.96 3.96 Silty Sand 
29/90 5.36 59.26 20.99 4.77 3.56 2.98 2.38 Silty Sand 
UNIT C 
30/90 8.20 56.76 22.96 4.37 2.94 2.19 2.19 Silty Sand 
31/90 5.07 61.75 14.97 6.51 4.12 3.90 3.26 Silty Sand 
32/90 19.16 49.17 16.00 5.12 3.41 3.21 3.21 Silty Sand 
33/90 29.19 40.18 16.75 3.60 3.20 3.20 3.20 Silty Sand 
34/90 23.56 43.38 19.14 7.05 2.35 2.01 2.01 Silty Sand 
35/90 37.26 31.29 13.83 718 3.72 3.46 2.94 Silty Sand 
36/90 28.76 39.56 13.89 731 3.61 3.24 3.24 Silty Sand 
37/90 34.16 40.12 12.54 4.32 3.23 3.23 2.15 Silty Sand 
38/90 23.47 20.70 17.43 6.83 4.55 3.41 3.41 — Silty Sand 


TABLE: 6.11.3: SUMMARY STATISTICS OF GRAIN SIZE PARATMETERS OF KHEWRA 
SANDSTONE EXPOSED AT KHAN ZAMAN NALA. 


SAMPLE NO. GRAPHIC GRAPHIC GRAPHIC GRAPHIC MEDIAN COARSEST ONE 
KZN-KHS- MEAN SIZE STANDARD SKEWNESS KURTOSIS DIAMETER(m) PERCENTILE(C) 
(Mz) (G) (SKG) (KG) (UNIT) (UNIT) 
1/90 4.23 1.13 0.24 1.10 5.5 1.95 
2/90 3.8 1.55 0.40 1.11 5.5 1.9 
3/90 4.21 1.15 0.09 1.36 55 1.82 
4/90 4.01 1.13 0.02 1.42 535 1.65 
5/90 4.25 1.4 0.11 1.14 5.5 1.60 
6/90 4.35 1.98 0.34 0.93 S35 1.55 
7/90 3.61 1.23 0.14 1.46 55 1.53 
8/90 4.01 1.53 0.31 1.65 5.5 1.52 
9/90 4.06 0.88 0.09 1.70 5.5 1.8 
10/90 4.01 1.28 0.25 1.74 5.5 1.65 
12/90 3.76 1.18 0.40 1.52 55 1.65 
13/90 4.08 1.93 0.53 1.11 5.5 1.52 
14/90 3.88 0.95 0.21 1.60 5.5 1.8 
15/90 3.83 0.95 0.05 1.33 5.5 1.66 
16/90 3.8 1.28 0.14 1.75 5.5 1.71 
17/90 3.8 1.25 0.6 1.70 5.5 1.8 
18/90 3.67 0.94 0.35 1.07 a 1.58 
19/90 3.41 0.25 1.5 5.5 1.38 
20/90 3.74 1.15 0.50 1.65 5.5 1.8 
21/90 3.72 1.27 0.38 1.25 55 1.53 
22/90 3.66 116 0.34 1.22 5.5 1.6 
22A/90 4.16 1.2 0.33 1.43 5.5 1.90 
24/90 3.5 0.88 0.34 1.75 By) Lie 
25/90 351 0.7 0.39 1.65 55 1.9 
26/90 3.59 0.96 0.46 1.85 5:5 1.73 
28/90 3.84 1.11 0.46 1.48 au 1.8 
29/90 3.50 0.81 0.38 1.78 5.5 1.8 
30/90 3.44 0.81 0.25 1.34 5:5 1.68 
31/90 3.64 0.99 0.52 1.88 Bye) 1.8 
32/90 3.31 1.09 0.26 1.70 5.5 1.48 
33/90 3.21 1.15 0.09 1.53 5:5 1.4 
34/90 3.26 1.08 0.16 1.41 a9 1.45 
35/90 3.20 1.39 0.33 1.27 5:5 1.3 
36/90 3.26 1.3 0.31 1.43 5.5 1.4 
37/90 2.22 1.23 0.29 1.42 a 1.3 
38/90 2.99 1.29 -0.32 3.13 5.5 1.45 


TABLE. 6.11.4: SUMMARY STATISTICS OF AVERAGE GRAIN SIZE PARAMETERS AND 
WEIGHT PERCENTAGES OF MAIN SIZE FRACTION OF VARIOUS TEXTURAL 
CLASSES OF UNIT A, B, & C OF KHEWRA SANDSTONE EXPOSED AT KHAN 


ZAMAN NALA. 

SIZE PARATMETER WEIGHT % OF SIZE CLASSES 

UNIT TEXTURALCLASSES (Mz) (6G) (SKG) (KG) SAND SILT CIAY 
A Silty Sand (n=4) : : : : 51.26 42.62 4.79 
Sandy Silt (n=8) 41 131 0.15 131 34,52 60.29 4.33 
B Silty Sand (12) 3.64 1.08 0.41 1.55 61.85 33.44 3.34 
Sandy Silt (n=3) 3.95 1.03 0.19 1.45 35.91 60.65 3.12 
Cc Silty Sand (n=9) 3.27 1.14 0.28 1.67 67.97 28.75 2.85 


TABLE.6.ii1.5: SUMMARY STATISTIC OF GRAIN SIZE PARATMERS AND WEIGHT 
PERCENTAGES MAIN SIZE FRACTION OF VARIOUS TEXTURAL CLASSES OF 
KHEWRA SANDSTONE EXPOSED AT KHAN ZAMAN NALA. 


SIZE PARATMETER WEIGHT % OF SIZE CLASSES 
UNIT TEXTURALCLASSES (Mz) (6G) (SKG) (KG) SAND SILT CLAY 
Silty Sand (n=25) 3.52 1.16 0.32 1.57 62.46 33.22 3.40 
Sandy Silt (n=8) 3.24 1.23 0.16 1.34 34.90 60.31 4.00 
Index 
Mz = Graphic Mean Size 
6G = Graphic Standard Deviation 
SKG= Graphic Skewness 
KG = Graphic Kurtosis 
n = Number of samples 


TABLE. 6.iv.6. GRAIN SIZE DATA OF KHEWRA SANDSTONE EXPOSED AT KHAN ZAMAN NALA 
BY WEIGHT % AND CUMMULATIVE % 


UNIT-A. UNIT-B. UNIT-C. 
MAIN GRAINSIZE  WEIGHT% CUMMULATIV WEIGHT % CUMMULATIVE — WEITHG% = CUMMULA 
FRACTION E% % a 
SAND Coarse 0.00 0.00 0.00 0.00 1.47 1.47 
Medium 11.40 11.40 12.09 12.90 10.38 11.85 
Fine 10.15 10.15 8.54 8.54 23.20 23.20 
Very Fine 30.11 40.26 48.12 56.66 49.76 67.96 
SILT Coarse 31.26 22.72 22.72 79.38 16.39 84.35 
Medium 13.01 84.53 8.93 88.31 5.81 98.16 
Fine 5.57 90.1 4.27 92.58 3.45 93.16 
Very Fine 4.55 94.65 3.48 96.06 3.09 96.7 
CLAY Clay 4.48 99.13 2.96 99.02 2.84 99.54 


GRAIN SIZE ANNALYSIS 
(Appendices, 4.iii, 1-24) 


Appendix — 1. 


1. SAMPLE No. KZN-KHS-1/90 

2. LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 

3: WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 

Particle Class Mid Cumulative 
S. Particle Size “e a oe Weight Weight Weight % Method of 
No. Size(mm) (microns) (grams) % age age Analysis 
1, 2.0-1.0 2000-1000 = -1-0 -0.5 - - - Sieving 
2, 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3%: 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 25 3.10 3.10 3.10 Sieving 
5. 0.125-0625 125.63 3-4 3.5 25.35 25.35 28.45 Sieving 
6. 00625-0312 63-31.5 4-5 4.5 38.10 38.10 66.55 Hydrometer 
Us 0312-00156 31.5-15.6 5-6 3.5 18.30 18.30 84.85 Hydrometer 
8. 00156-00078 =: 15.6-7.8 6-7 6.5 8.32 8.32 93.17 Hydrometer 
“se 0,0078-0.0039 = 7.8-3.9 7-8 T 3.10 3.10 96.27 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 2.57 2.57 98.84 Hydrometer 
Appendix — 2. 
GRAIN SIZE ANNALYSIS 

1. SAMPLE No. KZN-KHS-2/90 

2, LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 

3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 

Particle Class Mid Cumulative 

S. Particle Size ee a Weight Weight Weight % Method of 
No. Size(mm) (microns) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 —_ -1-0 -0.5 - - - Sieving 
2; 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3: 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 21.38 21.38 21.38 Sieving 
5; 0.125-0625 125.63 3-4 3.5 22.45 22.45 43.83 Sieving 
6. 0,0625-0312 63-31.5 4-5 4.5 26.14 26.14 69.97 Hydrometer 
7. 0312-00156 31.5-15.6 5-6 5:5 14.81 14.81 84.78 Hydrometer 
8. 00156-00078 ~=—s- 115.6-7.8 6-7 6.5 6.58 6.58 91.36 Hydrometer 
9. 0.0078-0.0039 = 7.8-3.9 7-8 75 4.06 4.06 95.42 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 3.78 3.78 99.20 Hydrometer 


GRAIN SIZE ANNALYSIS 


Appendix — 3. 


1. SAMPLE No. KZN-KHS-3/90 

2. LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 

3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 

Particle Class Mid Cumulative 
S. Particle Size eo ‘oy Weight Weight Weight% Method of 
No. Size(mm) (microns) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 = -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 4.45 4.45 4.45 Sieving 
5. 0.125-0625 125.63 3-4 3.5 25.44 25.45 29.89 Sieving 
6. 0,0625-0312 63-31.5 4-5 4.5 35.35 35.54 65.43 Hydrometer 
qT 0312-00156 31.5-15.6 5-6 5.5 19.74 19.74 85.17 Hydrometer 
8. 00156-00078 =: 15.6-7.8 6-7 6.5 4.82 4.82 89.99 Hydrometer 
9. 00078-00039 ——-_7.8-3.9 7-8 75 4.60 4.60 94.59 Hydrometer 
10. _<0.0039 <3.9 8-9 8.5 4.60 4.60 99.19 Hydrometer 
Appendix — 4. 
GRAIN SIZE ANNALYSIS 

1. SAMPLE No. KZN-KHS-4/90 

2. LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 

3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 

Particle Class Mid Cumulative 

S. Particle Size ee rie Weight Weight Weight% Method of 
No. Size(mm) (microns) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 ~—_-1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 25 9.14 9.14 9.14 Sieving 
5: 0.125-0625 125.63 3-4 35 22.07 22.07 31.21 Sieving 
6. 0.0625-0312 63-31.5 4-5 4.5 36.20 36.20 67.41 Hydrometer 
qT 0312-00156 31.5-15.6 5-6 5.5 21.51 21.51 88.92 Hydrometer 
8. 0.0156-00078 —-15.6-7.8 6-7 6.5 3.94 3.94 92.86 Hydrometer 
9. 0.0078-0.00389 = 7.8-3.9 7-8 75 3.15 3.15 96.01 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 3.15 3.15 99.16 Hydrometer 


GRAIN SIZE ANNALYSIS 


Appendix — 5. 


1. SAMPLE No. KZN-KHS-S5/90 

2. LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 

3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 

Particle Class Mid Cumulative 
S. Particle Size eo ‘oy Weight Weight Weight% Method of 
No. Size(mm) (microns) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 = -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 9.20 9.20 9.20 Sieving 
5. 0.125-0625 125.63 3-4 3.5 22.77 22.77 31.97 Sieving 
6. 0,0625-0312 63-31.5 4-5 4.5 32.05 32.05 64.02 Hydrometer 
qT 0312-00156 31.5-15.6 5-6 5.5 18.10 18.10 82.12 Hydrometer 
8. 00156-00078 = 15.6-7.8 6-7 6.5 6.47 6.47 88.59 Hydrometer 
9. 00078-00039 ——-_7.8-3.9 7-8 75 §.29 5.29 93.88 Hydrometer 
10. _<0.0039 <3.9 8-9 8.5 5.29 5.29 99.17 Hydrometer 
Appendix — 6. 
GRAIN SIZE ANNALYSIS 

1. SAMPLE No. KZN-KHS-6/90 

2. LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 

3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 

Particle Class Mid Cumulative 

S. Particle Size ee et Weight Weight Weight% Method of 
No. Size(mm) (microns) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 ~—_-1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 25 11.53 11.53 11.53 Sieving 
5: 0.125-0625 125.63 3-4 35 29.07 29.07 40.60 Sieving 
6. 0,0625-0312 63-31.5 4-5 4.5 22.54 22.54 63.14 Hydrometer 
de 0312-00156 31.5-15.6 5-6 55 11.28 11.28 74.42 Hydrometer 
8. 0.0156-00078 —-15.6-7.8 6-7 6.5 9.02 9.02 83.44 Hydrometer 
9. 0.0078-0.00389 = 7.8-3.9 7-8 75 7.89 7.89 91.33 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 7.89 7.89 99.22 Hydrometer 


GRAIN SIZE ANNALYSIS 


Appendix — 7. 


1. SAMPLE No. KZN-KHS-7/90 

2. LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 

3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 

Particle Class Mid Cumulative 
S. Particle — Size i Za Weight Weight Weight% Method of 
No. Size(mm) _ (microns) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 12.14 12.14 12.14 Sieving 
5. 0.125-0625 125.63 3-4 3.5 37.87 37.87 50.01 Sieving 
6. 0.0625.0312 63-31.5 4-5 4.5 29.62 29.62 79.63 Hydrometer 
qT 031200156 = 31.5-15.6 5-6 5.5 9.06 9.06 88.69 Hydrometer 
8. 00156-00078  15.6-7.8 6-7 6.5 4.12 4.12 92.81 Hydrometer 
9. 00078-00039 —7.8-3.9 7-8 7.5 3.29 3.29 96.10 Hydrometer 
10. <0.0039 < 3.9 8-9 8.5 3.29 3.29 99.39 Hydrometer 
Appendix — 8. 
GRAIN SIZE ANNALYSIS 

1. SAMPLE No. KZN-KHS-8/90 

2. LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 

3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 

Particle Class Mid Cumulative 

S. Particle Size ve rie Weight Weight Weight% Method of 
No. Size(mm) (microns) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 25 12.62 12.62 12.62 Sieving 
5: 0.125-0625 125.63 3-4 35 37.39 37.39 50.01 Sieving 
6. 0.0625-0312 63-31.5 4-5 4.5 26.78 26.78 76.79 Hydrometer 
7: 0312-00156 31.5-15.6 5-6 5.5 6.83 6.83 83.62 Hydrometer 
8. 0.0156-00078 —-15.6-7.8 6-7 6.5 5.30 5.30 88.92 Hydrometer 
9. 0.0078-0.00389 = 7.8-3.9 7-8 75 5.31 5.31 94.23 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 5.31 5.31 99.54 Hydrometer 


GRAIN SIZE ANNALYSIS 


Appendix — 9. 


1. SAMPLE No. KZN-KHS-9/90 

2. LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 

3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 

Particle Class Mid Cumulative 
S. Particle Size eo ‘oy Weight Weight Weight% Method of 
No. Size(mm) (microns) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 = -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 5.46 5.46 5.46 Sieving 
5. 0.125-0625 125.63 3-4 3.5 26.61 26.61 32.07 Sieving 
6. 0,0625-0312 63-31.5 4-5 4.5 48.23 48.23 80.3 Hydrometer 
qT 0312-00156 31.5-15.6 5-6 5.5 10.87 10.87 91.17 Hydrometer 
8. 00156-00078 = 15.6-7.8 6-7 6.5 2.99 2.99 94.16 Hydrometer 
9. 00078-00039 ——-_7.8-3.9 7-8 75 2.56 2.56 96.72 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 2.56 2.56 99.28 Hydrometer 
Appendix — 10. 
GRAIN SIZE ANNALYSIS 

1. SAMPLE No. KZN-KHS-10/90 

2. LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 

3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 

Particle Class Mid Cumulative 

S. Particle Size ee rie Weight Weight Weight% Method of 
No. Size(mm) (microns) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 ~—_-1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 25 8.83 8.83 8.83 Sieving 
5: 0.125-0625 125.63 3-4 35 29.31 29.31 38.14 Sieving 
6. 00625-0312 63-31.5 4-5 4.5 39.32 39.32 77.46 Hydrometer 
de 0312-00156 31.5-15.6 5-6 5.5 7.26 7.26 84.72 Hydrometer 
8. 0.0156-00078 —-15.6-7.8 6-7 6.5 4.80 4.80 89.52 Hydrometer 
9. 0.0078-0.00389 = 7.8-3.9 7-8 75 4.81 4.81 94.33 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 4.81 4.81 99.14 Hydrometer 


GRAIN SIZE ANNALYSIS 


Appendix — 11. 


1. SAMPLE No. KZN-KHS-11/90 
2. LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 
Particle Class Mid Cumulative 
S. Particle Size eo ‘oy Weight Weight Weight% Method of 
No. Size(mm) (microns) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 = -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 8.64 8.64 8.64 Sieving 
5. 0.125-0625 125.63 3-4 3.5 43.24 43.24 51.88 Sieving 
6. 0,0625-0312 63-31.5 4-5 4.5 25.22 25.22 77.10 Hydrometer 
qT 0312-00156 31.5-15.6 5-6 5.5 11.32 11.32 88.42 Hydrometer 
8. 00156-00078 =: 15.6-7.8 6-7 6.5 3.54 3.54 91.96 Hydrometer 
9. 00078-00039 ——-_7.8-3.9 7-8 75 3.54 3.54 95.50 Hydrometer 
10. _<0.0039 <3.9 8-9 8.5 3.54 3.54 99.04 Hydrometer 
Appendix — 12. 
GRAIN SIZE ANNALYSIS 
1. SAMPLE No. KZN-KHS-12/90 
2. LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 
Particle Class Mid Cumulative 
S. Particle Size ee rie Weight Weight Weight% Method of 
No. Size(mm) (microns) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 25 15.38 15.38 15.38 Sieving 
5: 0.125-0625 125.63 3-4 35 40.15 40.15 55.53 Sieving 
6. 0.0625-0312 63-31.5 4-5 4.5 15.45 15.45 70.98 Hydrometer 
qe 0312-00156 31.5-15.6 5-6 5.5 7.04 7.04 78.02 Hydrometer 
8. 0.0156-00078 —-15.6-7.8 6-7 6.5 7.02 7.02 85.04 Hydrometer 
9. 0,0078-0.0039_ = 7.8-3.9 7-8 75 7.03 7.03 92.07 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 7.03 7.03 99.10 Hydrometer 


GRAIN SIZE ANNALYSIS 


Appendix — 14. 


1. SAMPLE No. KZN-KHS-14/90 
2. LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 
Particle Class Mid Cumulative 
S. Particle Size eo ‘oy Weight Weight Weight% Method of 
No. Size(mm) (microns) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 = -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 5.06 5.06 5.06 Sieving 
5. 0.125-0625 125.63 3-4 3.5 32.39 32.39 37.45 Sieving 
6. 0,0625-0312 63-31.5 4-5 4.5 40.80 40.80 78.25 Hydrometer 
qT 0312-00156 31.5-15.6 5-6 5.5 10.90 10.90 89.15 Hydrometer 
8. 00156-00078 =: 15.6-7.8 6-7 6.5 3.35 3.35 92.50 Hydrometer 
9. 00078-00039 ——-_7.8-3.9 7-8 75 3.35 3.35 95.85 Hydrometer 
10. _<0.0039 <3.9 8-9 8.5 3.35 3:35 99.20 Hydrometer 
Appendix — 15. 
GRAIN SIZE ANNALYSIS 
1. SAMPLE No. KZN-KHS-15/90 
2. LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 
Particle Class Mid Cumulative 
S. Particle Size ee rie Weight Weight Weight% Method of 
No. Size(mm) (microns) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 ~—_-1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 25 9.02 9.02 9.02 Sieving 
5: 0.125-0625 125.63 3-4 35 26.04 26.04 35.06 Sieving 
6. 0,0625-0312 63-31.5 4-5 4.5 43.43 43.43 78.49 Hydrometer 
de 0312-00156 31.5-15.6 5-6 5.5 13.47 13.47 91.96 Hydrometer 
8. 0.0156-00078 —-15.6-7.8 6-7 6.5 4.67 4.67 96.63 Hydrometer 
9. 0.0078-0.00389 = 7.8-3.9 7-8 75 1.62 1.62 98.25 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 1.08 1.08 99.33 Hydrometer 


GRAIN SIZE ANNALYSIS 


Appendix — 16. 


1. SAMPLE No. KZN-KHS-16/90 
2. LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 
Particle Class Mid Cumulative 
S. Particle Size eo ‘oy Weight Weight Weight% Method of 
No. Size(mm) (microns) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 = -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 7.22 7.22 7.22 Sieving 
5. 0.125-0625 125.63 3-4 3.5 54.36 54.36 61.58 Sieving 
6. 0,0625-0312 63-31.5 4-5 4.5 17.47 17.47 79.05 Hydrometer 
qT 0312-00156 31.5-15.6 5-6 5.5 6.16 6.16 85.21 Hydrometer 
8. 00156-00078 =: 15.6-7.8 6-7 6.5 4.63 4.63 89.84 Hydrometer 
9. 00078-00039 ——-_7.8-3.9 7-8 75 4.63 4.63 94.47 Hydrometer 
10. _<0.0039 <3.9 8-9 8.5 4.63 4.63 99.10 Hydrometer 
Appendix — 17. 
GRAIN SIZE ANNALYSIS 
1. SAMPLE No. KZN-KHS-17/90 
2. LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 
Particle Class Mid Cumulative 
S. Particle Size ee rie Weight Weight Weight% Method of 
No. Size(mm) (microns) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 ~—_-1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 25 5.02 5.02 5.02 Sieving 
5: 0.125-0625 125.63 3-4 35 57.20 57.20 62.22 Sieving 
6. 0,0625-0312 63-31.5 4-5 4.5 16.12 16.12 78.34 Hydrometer 
qe 0312-00156 31.5-15.6 5-6 55 6.59 6.59 84.93 Hydrometer 
8. 0.0156-00078 —-15.6-7.8 6-7 6.5 5.49 5.49 90.42 Hydrometer 
9. 0.0078-0.00389 = 7.8-3.9 7-8 75 4.39 4.39 94.81 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 4.39 4.39 99.20 Hydrometer 


GRAIN SIZE ANNALYSIS 


Appendix — 18. 


1. SAMPLE No. KZN-KHS-18/90 
2. LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 
Particle Class Mid Cumulative 
S. Particle Size eo ‘oy Weight Weight Weight% Method of 
No. Size(mm) (microns) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 = -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 11.50 11.50 11.50 Sieving 
5. 0.125-0625 125.63 3-4 3.5 43.30 43.30 54.80 Sieving 
6. 0,0625-0312 63-31.5 4-5 4.5 20.09 20.09 74.89 Hydrometer 
qT 0312-00156 31.5-15.6 5-6 5.5 13.10 13.10 87.99 Hydrometer 
8. 00156-00078 =: 15.6-7.8 6-7 6.5 4.36 4.36 92.35 Hydrometer 
9. 00078-00039 ——-_7.8-3.9 7-8 75 3.49 3.49 95.84 Hydrometer 
10. _<0.0039 <3.9 8-9 8.5 3.49 3.49 99.33 Hydrometer 
Appendix — 19. 
GRAIN SIZE ANNALYSIS 
1. SAMPLE No. KZN-KHS-19/90 
2. LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 
Particle Class Mid Cumulative 
S. Particle Size ee rie Weight Weight Weight% Method of 
No. Size(mm) (microns) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 ~—_-1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 25 29.26 29.26 29.26 Sieving 
5: 0.125-0625 125.63 3-4 35 41.62 41.62 70.88 Sieving 
6. 0.0625-0312 63-31.5 4-5 4.5 9.61 9.61 80.49 Hydrometer 
qT 0312-00156 31.5-15.6 5-6 5.5 5.71 5.71 82.20 Hydrometer 
8. 0.0156-00078 —-15.6-7.8 6-7 6.5 4.80 4.80 91.00 Hydrometer 
9. 0.0078-0.00389 = 7.8-3.9 7-8 75 4.20 4.20 95.20 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 4.20 4.20 99.40 Hydrometer 


GRAIN SIZE ANNALYSIS 


Appendix — 20. 


1. SAMPLE No. KZN-KHS-20/90 
2. LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 
Particle Class Mid Cumulative 
S. Particle Size eo ‘oy Weight Weight Weight% Method of 
No. Size(mm) (microns) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 = -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 5.34 5.34 5.34 Sieving 
5. 0.125-0625 125.63 3-4 3.5 61.40 61.40 66.74 Sieving 
6. 0,0625-0312 63-31.5 4-5 4.5 13.07 13.07 79.81 Hydrometer 
qT 0312-00156 31.5-15.6 5-6 5.5 6.95 6.95 86.76 Hydrometer 
8. 00156-00078 =: 15.6-7.8 6-7 6.5 5.05 5.05 91.81 Hydrometer 
9. 0,0078-0.0039 = 7.8-3.9 7-8 75 3.80 3.80 95.61 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 3.80 3.80 99.41 Hydrometer 
Appendix — 21. 
GRAIN SIZE ANNALYSIS 
1. SAMPLE No. KZN-KHS-21/90 
2. LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 
Particle Class Mid Cumulative 
S. Particle Size ve rie Weight Weight Weight% Method of 
No. Size(mm) (microns) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 15 - - - Sieving 
4. 0.25-0.125 250-125 2-3 25 12.45 12.45 12.45 Sieving 
5: 0.125-0625 125.63 3-4 35 43.35 43.35 55.80 Sieving 
6. 00625-0312 63-31.5 4-5 4.5 17.98 17.98 73.78 Hydrometer 
de 0312-00156 31.5-15.6 5-6 5.5 14.69 14.69 88.47 Hydrometer 
8. 0.0156-00078 —-15.6-7.8 6-7 6.5 4.09 4.09 92.56 Hydrometer 
9. 0.0078-0.0039 = 7.8-3.9 7-8 75 3.74 3.74 96.30 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 3.20 3.20 99.50 Hydrometer 


GRAIN SIZE ANNALYSIS 


Appendix — 22. 


1. SAMPLE No. KZN-KHS-22/90 
2. LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 
Particle Class Mid Cumulative 
S. Particle Size eo ‘oy Weight Weight Weight% Method of 
No. Size(mm) (microns) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 = -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 11.16 11.16 11.16 Sieving 
5. 0.125-0625 125.63 3-4 3.5 44.47 44.47 56.63 Sieving 
6. 00625-0312 63-31.5 4-5 4.5 20.56 20.56 76.19 Hydrometer 
qT 0312-00156 31.5-15.6 5-6 5.5 14.96 14.96 91.15 Hydrometer 
8. 00156-00078 =: 15.6-7.8 6-7 6.5 3.99 3.99 95.14 Hydrometer 
9. 00078-00039 = 7.8-3.9 7-8 75 2.49 2.49 97.63 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 1.87 1.87 99.50 Hydrometer 
Appendix — 23. 
GRAIN SIZE ANNALYSIS 
1. SAMPLE No. KZN-KHS-23/90 
2. LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 
Particle Class Mid Cumulative 
S. Particle Size ee rie Weight Weight Weight% Method of 
No. Size(mm) (microns) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 ~—_-1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 25 3.12 3.12 3.12 Sieving 
5: 0.125-0625 125.63 3-4 35 32.10 32.10 36.22 Sieving 
6. 0.0625-0312 63-31.5 4-5 4.5 36.78 36.78 72.00 Hydrometer 
de 0312-00156 31.5-15.6 5-6 5.5 12.80 12.80 84.80 Hydrometer 
8. 0.0156-00078 —-15.6-7.8 6-7 6.5 4.93 4.93 89.73 Hydrometer 
9. 0.0078-0.00389 = 7.8-3.9 7-8 75 4.93 4.93 94.66 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 4.93 4.93 99.59 Hydrometer 


GRAIN SIZE ANNALYSIS 


Appendix — 24. 


1. SAMPLE No. KZN-KHS-24/90 
2. LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 
Particle Class Mid Cumulative 
S. Particle Size eo ‘oy Weight Weight Weight% Method of 
No. Size(mm) (microns) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 = -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 8.09 8.09 8.09 Sieving 
5. 0.125-0625 125.63 3-4 3.5 57.21 57.21 66.30 Sieving 
6. 0,0625-0312 63-31.5 4-5 4.5 19.47 19.47 84.77 Hydrometer 
qT 0312-00156 31.5-15.6 5-6 5.5 5.21 5.21 89.98 Hydrometer 
8. 00156-00078 =: 15.6-7.8 6-7 6.5 3.48 3.48 93.46 Hydrometer 
9. 00078-00039 ——-_7.8-3.9 7-8 75 3.12 3.12 96.58 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 2.62 2.62 99.20 Hydrometer 
Appendix — 25. 
GRAIN SIZE ANNALYSIS 
1. SAMPLE No. KZN-KHS-25/90 
2. LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 
Particle Class Mid Cumulative 
S. Particle Size ee rie Weight Weight Weight% Method of 
No. Size(mm) (microns) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 ~—_-1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 25 3.80 3.80 3.80 Sieving 
5: 0.125-0625 125.63 3-4 35 62.20 62.20 66.00 Sieving 
6. 0,0625-0312 63-31.5 4-5 4.5 21.12 21.12 87.12 Hydrometer 
de 0312-00156 31.5-15.6 5-6 5.5 5.29 5.29 92.41 Hydrometer 
8. 0.0156-00078 —-15.6-7.8 6-7 6.5 3.53 3.53 95.94 Hydrometer 
9. 0.0078-0.00389 = 7.8-3.9 7-8 75 1.92 1.92 97.86 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 1.92 1.92 99.78 Hydrometer 


GRAIN SIZE ANNALYSIS 


Appendix — 26. 


1. SAMPLE No. KZN-KHS-26/90 
2. LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 
Particle Class Mid Cumulative 
S. Particle Size er ‘oy Weight Weight Weight% Method of 
No. Size(mm) (microns) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 = -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 6.61 6.61 6.61 Sieving 
5. 0.125-0625 125.63 3-4 3.5 61.56 61.56 68.17 Sieving 
6. 0,0625-0312 63-31.5 4-5 4.5 15.38 15.38 83.55 Hydrometer 
qT 0312-00156 31.5-15.6 5-6 5.5 5.05 5.05 88.0 Hydrometer 
8. 00156-00078 = 15.6-7.8 6-7 6.5 3.60 3.60 92.2 Hydrometer 
9. 00078-00039 —-7.8-3.9 7-8 75 3.60 3.60 95.8 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 3.60 3.60 99.4 Hydrometer 
Appendix — 27. 
GRAIN SIZE ANNALYSIS 
1. SAMPLE No. KZN-KHS-27/90 
2. LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 
Particle Class Mid Cumulative 
S. Particle Size ee rie Weight Weight Weight% Method of 
No. Size(mm) (microns) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 ~—_-1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 25 5.09 5.09 5.09 Sieving 
5: 0.125-0625 125.63 3-4 35 45.36 45.36 50.45 Sieving 
6. 0.0625-0312 63-31.5 4-5 4.5 28.01 28.01 78.46 Hydrometer 
qe 0312-00156 31.5-15.6 5-6 5.5 8.40 8.40 86.86 Hydrometer 
8. 0.0156-00078 —-15.6-7.8 6-7 6.5 4.62 4.62 91.48 Hydrometer 
9. 0.0078-0.00389 = 7.8-3.9 7-8 75 3.96 3.96 95.44 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 3.96 3.96 99.40 Hydrometer 


GRAIN SIZE ANNALYSIS 


Appendix — 29. 


1. SAMPLE No. KZN-KHS-29/90 
2. LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 
Particle Class Mid Cumulative 
S. Particle — Size a ‘oy Weight Weight Weight % Method of 
No. Size(mm) _ (microns) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 = -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 25 5.36 5.36 5.36 Sieving 
5. 0.125-0625 125.63 3-4 3.5 59.26 59.26 64.62 Sieving 
6. 0.0625.0312  63-31.5 4-5 4.5 20.99 20.99 85.61 Hydrometer 
qT 031200156 = 31.5-15.6 5-6 55 4.77 4.77 90.38 Hydrometer 
8. 00156-00078 + 15.6-7.8 6-7 6.5 3.56 3.56 93.94 Hydrometer 
9. 00078-00039 7.8-3.9 7-8 75 2.98 2.98 96.92 Hydrometer 
10. _<0.0039 < 3.9 8-9 8.5 2.33 2.33 99.30 Hydrometer 
Appendix — 30. 
GRAIN SIZE ANNALYSIS 
1. SAMPLE No. KZN-KHS-30/90 
2. LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 
Particle Class Mid Cumulative 
S. Particle Size ee rie Weight Weight Weight% Method of 
No. Size(mm) (microns) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 ~—_-1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 25 8.20 8.20 8.20 Sieving 
5: 0.125-0625 125.63 3-4 35 56.76 56.76 64.96 Sieving 
6. 0.0625-0312 63-31.5 4-5 4.5 22.96 22.96 87.92 Hydrometer 
de 0312-00156 31.5-15.6 5-6 5.5 4.37 4.37 92.29 Hydrometer 
8. 0.0156-00078 —-15.6-7.8 6-7 6.5 2.94 2.94 95.23 Hydrometer 
9. 0.0078-0.00389 = 7.8-3.9 7-8 75 2.19 2.19 97.42 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 2.19 2.19 99.61 Hydrometer 


GRAIN SIZE ANNALYSIS 


Appendix — 31. 


1. SAMPLE No. KZN-KHS-31/90 
2. LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 
Particle Class Mid Cumulative 
S. Particle Size eo ‘oy Weight Weight Weight% Method of 
No. Size(mm) (microns) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 = -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 5.07 5.07 5.07 Sieving 
5. 0.125-0625 125.63 3-4 3.5 61.75 61.75 66.82 Sieving 
6. 0,0625-0312 63-31.5 4-5 4.5 14.97 14.97 81.79 Hydrometer 
7. 0312-00156 31.5-15.6 5-6 5.5 6.51 6.51 88.3 Hydrometer 
8. 00156-00078 =: 15.6-7.8 6-7 6.5 4.12 4.12 92.42 Hydrometer 
9. 00078-00039 ——-_7.8-3.9 7-8 75 3.90 3.90 96.32 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 3.26 3.26 99.58 Hydrometer 
Appendix — 32. 
GRAIN SIZE ANNALYSIS 
1. SAMPLE No. KZN-KHS-32/90 
2. LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 
Particle Class Mid Cumulative 
S. Particle Size ee rie Weight Weight Weight% Method of 
No. Size(mm) (microns) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 ~—_-1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 25 19.16 19.16 19.16 Sieving 
5: 0.125-0625 125.63 3-4 35 49.17 49.17 68.33 Sieving 
6. 0,0625-0312 63-31.5 4-5 4.5 16 16 84.33 Hydrometer 
de 0312-00156 31.5-15.6 5-6 5.5 312 5.12 89.45 Hydrometer 
8. 0.0156-00078 —-15.6-7.8 6-7 6.5 3.41 3.41 92.86 Hydrometer 
9. 0.0078-0.00389 = 7.8-3.9 7-8 75 3.21 3.21 96.07 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 3.21 3.21 99.28 Hydrometer 


GRAIN SIZE ANNALYSIS 


Appendix — 33. 


1. SAMPLE No. KZN-KHS-33/90 
2. LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 
Particle Class Mid Cumulative 
S. Particle Size eo ‘oy Weight Weight Weight% Method of 
No. Size(mm) (microns) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 = -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 29.19 29.19 29.19 Sieving 
5. 0.125-0625 125.63 3-4 3.5 40.18 40.18 69.37 Sieving 
6. 0,0625-0312 63-31.5 4-5 4.5 16.75 16.75 86.12 Hydrometer 
qT 0312-00156 31.5-15.6 5-6 5.5 3.60 3.60 89.72 Hydrometer 
8. 00156-00078 = 15.6-7.8 6-7 6.5 3.20 3.20 92.92 Hydrometer 
9. 00078-00039 ——-_7.8-3.9 7-8 75 3.20 3.20 96.12 Hydrometer 
10. _<0.0039 <3.9 8-9 8.5 3.20 3.20 99.32 Hydrometer 
Appendix — 34. 
GRAIN SIZE ANNALYSIS 
1. SAMPLE No. KZN-KHS-34/90 
2. LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 
Particle Class Mid Cumulative 
S. Particle Size ee rie Weight Weight Weight% Method of 
No. Size(mm) (microns) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 ~—_-1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 25 23.56 23.56 23.56 Sieving 
5: 0.125-0625 125.63 3-4 35 43.38 43.38 66.94 Sieving 
6. 0,0625-0312 63-31.5 4-5 4.5 19.14 19.14 86.08 Hydrometer 
7: 0312-00156 31.5-15.6 5-6 59 7.05 7.05 93.13 Hydrometer 
8. 0.0156-00078 — 15.6-7.8 6-7 6.5 2.35 2.35 95.48 Hydrometer 
9. 0.0078-0.0089 = 7.8-3.9 7-8 75 2.01 2.01 97.49 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 2.01 2.01 99.5 Hydrometer 


GRAIN SIZE ANNALYSIS 


Appendix — 35. 


1. SAMPLE No. KZN-KHS-35/90 
2. LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 
Particle Class Mid Cumulative 
S. Particle Size eo ‘oy Weight Weight Weight% Method of 
No. Size(mm) (microns) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 = -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 - - - Sieving 
5. 0.125-0625 125.63 3-4 3.5 28.03 28.03 28.03 Sieving 
6. 0,0625-0312 63-31.5 4-5 4.5 34.15 34.15 62.18 Hydrometer 
qT 0312-00156 31.5-15.6 5-6 5.5 19.20 19.20 81.38 Hydrometer 
8. 00156-00078 =: 15.6-7.8 6-7 6.5 7.20 7.20 88.58 Hydrometer 
9. 0,0078-0.0039 = 7.8-3.9 7-8 75 5.60 5.60 94.18 Hydrometer 
10. _<0.0039 <3.9 8-9 8.5 5.19 5.19 99.37 Hydrometer 
Appendix — 36. 
GRAIN SIZE ANNALYSIS 
1. SAMPLE No. KZN-KHS-36/90 
2. LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 
Particle Class Mid Cumulative 
S. Particle Size ee rie Weight Weight Weight% Method of 
No. Size(mm) (microns) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 25 28.76 28.76 28.76 Sieving 
5: 0.125-0625 125.63 3-4 35 39.56 39.56 68.32 Sieving 
6. 0,0625-0312 63-31.5 4-5 4.5 13.89 13.89 82.21 Hydrometer 
qe 0312-00156 31.5-15.6 5-6 5.5 7.31 7.31 89.52 Hydrometer 
8. 0.0156-00078 —-15.6-7.8 6-7 6.5 3.61 3.61 93.13 Hydrometer 
9. 0,0078-0.0039_ = 7.8-3.9 7-8 75 3.24 3.24 96.37 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 2.24 2.24 99.61 Hydrometer 


GRAIN SIZE ANNALYSIS 


Appendix — 37. 


1. SAMPLE No. KZN-KHS-37/90 
2. LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 
Particle Class Mid Cumulative 
S. Particle Size eo ‘oy Weight Weight Weight% Method of 
No. Size(mm) (microns) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 = -1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 2.5 34.16 34.16 34.16 Sieving 
5. 0.125-0625 125.63 3-4 3.5 40.12 40.12 74.28 Sieving 
6. 0,0625-0312 63-31.5 4-5 4.5 12.54 12.54 86.82 Hydrometer 
qT 0312-00156 31.5-15.6 5-6 5.5 4.32 4.32 91.14 Hydrometer 
8. 00156-00078 = 15.6-7.8 6-7 6.5 3.23 3.23 94.37 Hydrometer 
9. 00078-00039 ——-_7.8-3.9 7-8 75 3.23 3.23 97.60 Hydrometer 
10. <0.0039 <3.9 8-9 8.5 2.15 2.15 99.75 Hydrometer 
Appendix — 38. 
GRAIN SIZE ANNALYSIS 
1. SAMPLE No. KZN-KHS-36/90 
2. LOCATION OF SAMPLE KHAN ZAMAN NALA AREA 
3. WEIGHT OF SAMPLE BEFORE ANALYSIS 100GMS 
Particle Class Mid Cumulative 
S. Particle Size ee rie Weight Weight Weight% Method of 
No. Size(mm) (microns) (grams) % age age Analysis 
1. 2.0-1.0 2000-1000 ~—_-1-0 -0.5 - - - Sieving 
2. 1.0-0.5 1000-500 0-1 0.5 - - - Sieving 
3. 0.5-0.25 500-250 1-2 1.5 - - - Sieving 
4. 0.25-0.125 250-125 2-3 25 23.47 23.47 23.47 Sieving 
5: 0.125-0625 125.63 3-4 35 40.70 40.70 64.17 Sieving 
6. 0.0625-0312 63-31.5 4-5 4.5 17.43 17.43 81.60 Hydrometer 
7: 0312-00156 31.5-15.6 5-6 5.5 6.83 6.83 88.43 Hydrometer 
8. 0.0156-00078 = 15.6-7.8 6-7 6.5 4.55 4.55 92.98 Hydrometer 
9. 0.0078-0.00389 = 7.8-3.9 7-8 75 3.41 3.41 96.39 Hydrometer 
10. < 0.0039 <3.9 8-9 8.5 3.41 3.41 99.80 Hydrometer 


71. SUMMARY AND CONCLUSIONS 


The Khewra Sandstone is widely distributed in Salt Range from Jalalpur 
(Ludwah) in the east to the Khan Zaman Nala in the west. The sandstone can be divided 
into three units which may be correlated from east to west. The distribution of sand., silt, 
shale and carbonates in the field indicates the basin fluctuations. The shale is slightly 
higher towards east and west and reflects minor basin fluctuations. The lower lying older 
rocks (Salt Range Formation) had a conformable contact with the Khewra sandstone 
which was disturbed due to thrusting and Salt domes. The upper contact of the Khewra 
Sandstone with the overlying Kussak Formation is disconformable. 


The Khewra Sandstone can be classified as quartz wackes to lithic wackes and 
may be called physically and chemically matured sandstones on the basis of the 
petrographic studies. The petrographic studies also revealed that the Khewra Sandstone 
was deposited in an Epicratonic Basin. The grain size analyses of the Khewra Sandstone 
showed that the silt is the dominant fraction in the Khewra Sandstone and therefore, it 
may be called as the Khewra Siltstone. The grain size analyses also proved the field 
observations of increasing grain size from the base to the top of the formation in all 
geological sections studied. The grain size analyses also indicated that the Khewra 
Sandstone was deposited in a deltaic environment. The three units of the Khewra 
Sandstone called A, B and C, represent the bottom set, foreset and topset units of a 
classical delta sequence. The mighty Infra Cambrian river flew South east to north west. 
The Khewra Sandstone is expected to be thinner/missing at places where channels could 
not deposit their detritus. On the other hand it could be unexpectedly thick in the areas of 
finger bars and delta slope growth faults. The Khewra Sandstone marks the regression of 
the Infra-Cambrian Sea. 


The unit C and B of the Sandstones display good porosity and may act as gas, oil 
and water reservoirs and may be used as decorative stones in exposed sections of the 
Khewra Formation. It may also be used as a glass sand at places. 


7.ii REGIONAL DISTRIBUTION AND CORRELATIONS OF THE KHEWRA 
SANDSTONE 


The regional correlation and distribution of the Khewra Sandstone is interesting due to its 
stratigraphic position, vast distribution, uniform lithological and bedding characters and 
distinct purple to dark brown colour. The Khewra Sandstone is mostly silty with purple to 
brown shales at its base and medium to coarse sand at its top. The contact with the 
underlying Salt Range Formation is mostly disturbed in the Salt Range, but a careful 
study in the field indicated that the contact was conformable before tectonic movements 
and disturbance. The upper contact with the overlying kussalk Formation is 
disconformable due to the presence of a 2m thick conglomeratic bed at its top. This 
conglomeratic bed is present in all the sections exposed in Salt Range. 


The correlation of the Khewra Sandstone with a similar Sandstone in India indicates that 
it can be correlated with the Jodhpur Formation of Infra-Cambrian age found in the sub- 
surface oil wells (Baghewala) in the East of Pakistan in the Bikaner — Nagaur basin of 
Western India (Peter, et al. 1995). The sandstone is mostly silty with calcareous shales at 
its base and sandstone at its top. The sandstone also displays a disconformity on its top 
marked by a conglomerate. The sandstone in India has been proven as an oil bearing 
Sandstone and is similar to Khewra Sandstone in lithology, bedding characters, colours, 
and composition of the organic matter discovered in the oil. It is most likely that the 
Khewra Sandstone is a continuation of the same sandstone towards Pakistan. Table 7.11.1. 
compares the type of source rocks, depositional environments, type of associated organic 
matter, thermal maturity and percentage of sulphur by weight in the Marwar Group of 
India, Salt Range Formation of Pakistan and Huqf Group of Oman. It may be noted that 
the depositional conditions in these areas were similar, and may be correlated with each 
other. 


The Khewra Sandstone can also be correlated with the Lalun Sandstone exposed in Iran 
due to its typical characters such as Lithology, colour and stratigraphic position. The 
Khewra Sandstone is also similar to the Sandstone found in the oil wells of Oman and 
Known as Huqf Group, which is oil bearing and has been proven an excellent reservoir of 
oil. The organic matter found in the oil of the Huqf Sandstone is similar to the organic 
matter found in the Salt Range Formation below Khewra Sandstone. The Sandstone is 
also expected to be continued in the sub-surface further North and North West towards 
N.W.F.P, Afghanistan and Baluchistan. Figure 7.11.1 provides a regional correlation of 
the Khewra Sandstone with India, Afghanistan and Oman. 


The Khewra Sandstone represents a depositional basin filled by continental detritus after 
the deposition of evaporites and carbonates. The salt depositional basin occasionally 
experienced volcanic erruptions. The salt basin further continued towards North even 
beyond Afghanistan towards Russia. 


It is concluded that the Khewra Sandstone has a vide regional distribution and 
stratigraphically, it may be called an Infra-Cambrian to Early Cambrian Sandstone. 


TABLE: 7.11.1. The table compares important characteristics of the Pre-Cambrian 
oil source rocks of India, Pakistan and Oman. 
CHARACTERISTICS INDIA PAKISTAN OMAN 
1) Age Infra Cambrian | Infra Cambrian | Infra Cambrian 
Marwar Group | Salt Range | Huqf Group 
Baghewala-Oil field | Formation Khewra 
Gorge 


2) Type of source rocks 
for generation of oil 


Algal and bacterial 
organic matter 


Algal and bacterial 
organic matter 


Algal and bacterial 
organic matter 


3) Contribution of 
higher plants as source 
rocks 


NIL 


NIL 


NIL 


4) Inorganic matter 


Pyrite, carbonates 


Pyrite, carbonates 


Pyrite, carbonate 


associated with the gypsum, 

source rocks argillaceous, 
material 

5) Type of main | Carbonate — source | Carbonate and | Carbonate rich 

environment of source | rocks deposited in | evaporitic rich | source rocks 

rocks. anoxic marine | source rocks | deposited in 

conditions deposited in | anoxic marine 

anoxic marine | conditions 
conditions 

6) Sulphur (weight %) 1.2 3.2—5.1 1.3 -6.2 

7) Vitrinite reflectance 0.6 - 0.7 0.655 — 0.755 - 


(R.O) 


8) Oil window 


Early oil window 


Early oil window 


Early oil window? 


9) Thermal maturity 


Thermally matured 


Thermally 
matured 


Thermally 
matured 


REVIEW AND RECOMMENDATIONS FOR DISCOVERING MORE 
OIL AND GAS FIELDS IN PAKISTAN AND THE RESPECTIVE 
OFFSHORE/ COASTAL AREAS. 


1. Introduction and review 


1. 


The late Pre-Cambrian and Cambrian rocks are known to be highly prospective 
for the exploration of the oil and gas in all around the World. A short review of 
the exploration and success activities in Pakistan, offshore areas of Pakistan, 
India, Oman and Iran is important for further exploration and future discoveries. 

The Maghreb Petroleum Research Group (MPRG), University College, London 
studied and investigated the Neoproterozoic — Cambrian petroleum systems (750- 
550 m.a) of the World (Bhat, et.al,2012). They studied the stratigraphic sequences 
in North Africa, (Morocco and Mauritania), Western and South Africa, India, 
Pakistan, Oman, China, Siberia, America and Australia. They reported that the 
Riphean-Venedian Sediments of the South East Siberia, display a World class, 
Neoproterozoic hydrocarbon province in place with abundant oil and gas reserves 
(4b barrels of oil and more than 38 trillion cubic feet (tcf) gas). They further 
explained that about 67% of these reserves are located in Venedian siliciclastic 
sediments and 33% are in the Riphean and late Venedian — Early Cambrian, 
Carbonates. The high helium content in the Venedian reservoir rocks, was 
derived, most likely due to the decay of the uranium, present in the basement 
rocks. The high helium concentration and its retention indicates long lived 
hydrocarbon traps, protecting early hydrocarbon charge. They provided further 
detailed information and stated that the mid to late Neoproterozoic Sediments 
(between 750 to 550 Ma) are the most favourable sediments for the exploration of 
the petroleum in all parts of the World. They further elaborated these positive 
petroleum systems in Siberian Plate, Indian Plate, Arabian Plate and the North 
China Plate. They concluded that the hydrocarbon potential of the major 
Neoproterozoic — Cambrian basins of Asia, from Oman in the west across the 


Middle East, the Indian subcontinent to China in the East and South East and 


CD 


Siberia in the North, are highly favourable for the presence of the oil and gas. 
They reported that many of these areas, Oman, the Bikaner-Nagpur Basin in 
India, South China and South East Siberia host prolific petroleum systems in 
Neoproterozoic — Cambrian sediments with giant and super giant oil and gas 
fields. The presence of the effective source rocks, reservoir rocks and Cap rocks 
(seals — evaporites) in these stratigraphic units indicate favourable conditions for 
the presence of oil and gas in these widely distributed, hydrocarbon traps . Li, 
et.al, (2019), concluded that the Meso- Neoproterozoic period spans the interval 
between the formation of the Columbian and Rodina super continets, known as 
the stable era of the Earth and represents the highly prospective Sediments for the 
oil and gas discoveries. Wang, et. Al, (2019), stated that the extensively 
developed sedimentary cover in the North China Craton ( NCC), representing the 
thick, Meso — Neo Proterozoic Strata has great exploration potential for the 
prospects of hydrocarbons. Zhao , et.al, (2018), reported the presence of a large 
number of primary oil and gas reservoirs in Proterozoic strata all around the 
Globe. They further stated that the Proterozoic to Cambrian rocks in China are 
highly prospective for oil and gas reservoir rocks as the geological conditions to 
generate oil/gas are highly favourable. Zhu, et.al, (2018), investigated in details, 
the source rocks for the generation of oil /gas found in the lower Cambrian 
Sediments and concluded that the rocks are, the high quality source rocks and 
indicate the high exploration potential in Tarim Basin of China. They further 
reported that the source rocks are black shales and have a total organic content 
between 2 and 6% and may be as high as 17% in some regions. These rocks may 
cover an area of 260,000 Km’. The organic matter investigated proved to be the 
benthic multicellular algae. They further stated that on the basis of high 
temperature thermal simulations, conducted on these source rocks, the gas 
composition and Carbon isotopes form the 2 SLC wells are similar to the products 
generated at a thermal evolution stage corresponding to a vitrinite reflectance, 
between 2.2 to 2.5 %. The Cambrian dolomites and Salt domes provide further 
favourable geological conditions for high accumulations of hyderocarbons. Luo, 


et.al (2018), concluded that the Mesoproterozoic- Cambrian successions are the 


most important stratigraphic units for the generation of the oil and gas. They 
quoted several examples for the discovery of the natural gas in these rocks. Zhu, 
(2016), reported a Cambrian Microbial reef reservoir in Yuertusi Formation and 
Xiaoerblak Formation in Tarim Basin. Liu, P, et.al al, (2017), studied and 
reported the details about the formation and distribution characteristics of the 
Proterozoic — Lower Palaeozoic marine giant oil and gas fields of the World and 
concluded that these sediments are highly prospective for the discovery of the 
new oil and gas fields. Shugan, et. al., (2017), investigated, the Early Cambrian in 
Sichuan Basin, China and stated that these rocks are highly prospective for 
discovering oil and gas fields, as they display good source rocks, reservoir rocks 
and seal rocks. Changwi, et.al, (2015), reported a marine carbonate, gas reservoir 
with high maturity, high temperatures and high pressures in the lower Cambrian 
carbonate rocks. Zhao, et.al, (2018), investigated the Proterozoic to Cambrian 
rocks in China for the oil and gas prospects. They concluded that these sediments 
are highly favourable for oil and gas reservoirs as they indicate excellent capacity 
to generate oil and gas. 

Robert, et.al, (2014), investigated the Kopeh Dagh fold and thrust helt in North 
East Iran with reference to its interactions with the South Caspian Sea Basin and 
Ama Darya Basin. They concluded that these areas indicate favourable conditions 
for the discovery of the oil and gas fields. Behroz and Hossain (2019), reported 
that more than 6000 exploration and development wells have been drilled in SW 
Iran, after the successful discovery of the Masjid — 1. They further explained that 
the area is highly prospective for exploration and to discover huge oil and gas 
reserves. Grosgean, (2009), studied the Neoproterozoic — Cambrian rocks in the 
south Oman, Salt Basin, to find the organic matter, its capacity to generate oil and 
gas and the types of the reservoir fluids. He concluded that these rocks are highly 
prospective to discover the huge oil and gas fields. Isabelle, (2009) reported the 
presence of an unconventional Cambrian Source rock in South Oman and pointed 
out its importance in the generation of the oil and gas in that area. 

The presence of the huge thick sedimentary strata, deposited during the Cambrian 


times and nicely preserved in the sub — surface areas of Pakistan, indicate that the 


Cambrian sediments may host giant oil and gas reserves. Zhu,et.al, (2018), 
pointed out that the Cambrian dolomites and the salt domes display highly 
favourable geological conditions for the accumulation of the oil and gas in China. 
Changwi, et. Al, (2015), Studied the carbonate rocks found in the lower Cambrian 
in China and reported that carbonate rocks are excellent gas reservoirs. The gas 
flew with high temperatures and high pressures. Therefore, the Jutana Dolomite, 
deposited during Cambrian times in Pakistan should be thoroughly investigated, 
The dolomite is exposed in the Salt Range and shows its presence in the sub- 
surface. The types of porosity, trends of porosity and permeabiltity in the 
dolomite should be investigated to understand its reservoir capabilities and 
prospects for the presence of the oil and gas. 

The above discussion and review indicates the importance of the Neoproterozoic 
— Cambrian sediments for oil and gas prospects. These Sediments have been 
thoroughly investigated and studied in the surrounding areas of Pakistan (India, 
Iran and Oman) and have been proved to be highly prospective to discover the 
huge reserves of oil and gas. It is therefore recommend that these Sediments must 
be thoroughly studied and explored in the prospective areas on the land and the 


Continental shelf of Pakistan. 


The following research studies must be carried out 
to discover more oil/gas fields on land and_ offshore 
areas of Pakistan. 


Similar Field and laboratory studies must be carried out on the Triassic, Jurassic 
and createous reservoir rocks with special reference to the Western Salt Range 
and Kalabagh areas to find their Palaeo-depositional environments and to predict 
their importance in the discovery of the new oil and gas fields in Pakistan. 

The Cambrian rocks, overlying the Khewra Formation (Kussak Formation, Jutana 
Dolomite, Baghanwala Formation) must be studied in details for their porosity, 
permeability and source rock characteristics. 

The source rocks responsible to generate different types of oils/ gases, found in 


different reservoir rocks of Pakistan, must be thoroughly investigated for the 


chemical composition of the organic matter, quantity of the organic matter, 
vitrinite reflective indices of the respective organic matter and the chemical 
compositions of the oils/ gases, already discovered in Pakistan. This would help to 
discover more oil and gas fields in different areas of Pakistan. 

Eighteen (18) unsuccessful oil / gas wells, drilled in the offshore areas of Pakistan 
were most likely selected, assuming structural oil and gas traps, based on 
geophysical surveys, without considering the stratigraphic knowledge of different 
formations (stratigraphic units). Therefore more stratigraphic studied must be 
conducted in the respective areas. The well cuttings and drilled cores of the drilled 
wells in the offshore areas of Pakistan must be thoroughly studies for more 
geological/ stratigraphic knowledge to help in the successful exploration activities 
in the offshore areas of Pakistan. The Director General Exploration and the 
Director general HDIP may co-ordinate to carry out these investigations and to 
initiate different research programmes based on drilled and preserved well 
cuttings and drilled cores. 

The isopachyte maps of all the stratigraphic units (formations) present in the land 
and offshore areas of Pakistan must be prepared to understand the thickening and 
thinning of the respective stratigraphic formations in the subsurface and therefore 
to predict prospective oil and gas fields in Pakistan. 

More geological investigations must be carried out in the border areas of Pakistan 
and Iran, near the Taftan border. Three to five exploration wells must be drilled in 
Taftan areas to understand the sub-surface stratigraphy of that area and to predict 
the presence of the oil and gas in the respective sub-surface formations/ 
stratigraphic units. 

More geological investigations should be carried out in the offshore areas 
between Pakistan and Oman. It is interesting that not a single oil/gas exploration 
well has been drilled in these areas. It is most likely that the formations producing 
oil and gas in oman extend in the sub surface into the offshore waters of Pakistan. 
Three to five exploration wells may be drilled to understand the presence of 


different stratigraphic prospective units formations. 


8. 


10. 


ie 


12. 


The Methane ice floating in the Makran offshore/ coastal areas, near the Port of 
Gwadar must be investigated properly and thoroughly. The exact chemical 
composition of the methane ice must be analyzed to compare it with the expected 
source rocks. The exact source areas of the methane ice must be located for 
further exploration activities. The methane ice indicates the presence of their 
source rocks in the offshore areas and provides encouragement for further 
exploration activities. Similiarly the presence of the mud — volcanoes in Makran 
and Makran coastal areas provide furher evidence for the presence of the source 
rocks in the surrounding areas. The composition of the gases coming out of the 
mud-volcanoes must also be analyzed and compared with the composition of the 
methane ice. It is most likely that the process of subduction in the respective areas 
is pushing and compelling the fluids to move into the available reservoir rocks, 
present in Baluchistan. 

The oil/gas wells abandoned for some technical reasons in different areas of 
Pakistan, should be re-investigated and selected stratigraphic units/formations 
with reservoir capabilities should be again perforated and tested to observe any 
production of the oil and gas. The fluids under high geostatic/ hydrostatic 
pressures move from high pressures towards the low pressures. It is most likely 
that some of the abandoned oil /gas wells may start producing oil/gas. 

The isopachyte maps of the Khewra Formation of the Cambrian age must be 
prepared in the subsurface areas of Pakistan and the surrounding countries of 
Pakistan to understand the thickening or thinning of the Khewra Formation. This 
would help in the prediction of the more oil and gas fields to produce oil /gas 
from the Khewra Formation. 

The isopachytes maps of the Tobra Formation of the Permian age must be 
prepared, as the sandstones, found in the Tobra Formation, at the Adhi Oil Field, 
are still producing oil, since, 1978. This will help in predicting more oil/gas fields 
in the respective areas. 

The Permian rocks nicely exposed in the Western Salt Range and detected in the 
sub — surface, must also be thoroughly investigated for the presence of the source 


rocks to generate oil and gas. 
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